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RECOMMENDATIONS FOR USING TRAINING MODULES 

-.4 ^ 

The following pages list modules and- their corresponding numbers' for this 
particular apprenticeship trade. As related training classroom hours 
vary for different reasons throughout the state, we recommend that- 
the individuaTapprehticeship 'committees divile the total packets to 
fit their "individual class schedules. | 

There are over 130 modules available. Apprentices can *tompl^ete the • 
whole ?et by the end of l!Jheir indentured appre^iticeships. Some 
apprentices may already have knowledge and skills that are covered 
in particular modules. In those cases, perhaps credit could be 
granted for those subjects, allowing apprentcies to advance to the ^ 
refnaining modules. . ' . 

We suggest the the apprenticeship- instructors assign the modules in 
numerical order to make this learning tool most effective. 
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^ SUPPLEMENTARY INFORMATION 
ON CASSETTE TAPES ■ 



Tape 1: Fire Tube Boilers -> Water Tube Boil^s 

and Boiler' Manholes and Safety Precautions 



Tape 2: Boiler Fittings, Valves, Injectors, 
Pumps and St^am Traps 



Tape 3: Ccwbustion , Boiler Care and Heat Transfer 
and Feed Water Types 



Tape 4: Boiler Safety and Steam Turbines 
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NOTE: 



the above cassette tapes are intended as additional 
reference material for the respective modules, as 
indicated, and not designated as a required assignmept 




Goal: 


\ • 


Performance Indicators: 


The apprcnLic.o 
/describe basic. 


will be able to 

unj-ts of energy. ^ 


1. Describe urjits of measurement* 

2. Describ^ conversion of energy. 
^ 3. Describe potential energy. 

A. Describe kinetic energy. 

5, Describe energy efficiency.' 

> 


•V 




i 

* 
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Objectives 



-Given: 

Definitions and explanations of 
base. units, energy, work, con- 
version of eliergy-, and efficiency. 



EL-BEr02 
Basics of Energy 

\ 

The student will : 
♦ 

Solve problems dealing with. energy 
Answer questions about energy 
correctly. 

^ — , 



Directions 

.Obtain the following; 
Calculator 



.1 ■ 



Learning Activities 

Read the Key Words list. 

f 

Read\"the Information Sheets. 

Do Task; Solve the Problems on the Problem Sheets. 

Do the Self-Test. 



Do the Final Test. 
Obtain Final Evaluation, 

• \ • 
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■ a-BE-02 
) . ^Basics of Energy 

Key Words, 

i . . 

BaseJJnU: The term u^ecl to indicate the amount of something. As examples: 
Length is measured in feet (the fOQt is a base unit forT?ngth), Weight is 
measLfred in grams the gram is a base unit for weight). 

Efficiency: The relationship between the energy applied and the energy output 
^expressed in pet*cent). , • 

.... 4 • 

Energy : The ability to do work. 

Force : Pressure or push on an object or particle. 

Joule.: Equal to the newton--the base unit for mechanical energy. 

boad: The part of an electrical circuit where energy conversion takes place. 

1^ . ■ 

Newtonj The base unit for force in the metric' system— approximately .224 
pounds of force. , , 

Work : Force times distance. 
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Information Sheet 



Energy and Work ^ - . . • t 

If our carNstaMs In the street and we must push It to the curb by hand, we 
know that, as we are nioying the car, pushing It .is work. When we have moved 
the car to where we wanf It, the work Is done. Work, then, Is made up of twp 
tnings^/JJrst, there 1i the push or force we place on the car In the direction 
we want ft/to. go. . Second, the car moves over a distance to a point where we 
want It to(go. Force aTnd instance m^ke up work." The force must be enough to. 
overcofae the frttti on/of the wheels and to raise the car over lumps in the 
roadway. Mathematically, the work done i^ equal the force times the 
distance. The work /nergy symbol that we use when we calculate for work is the 
upper case W. ^The^ase unit of oneasure irr the metric system for work is the 
• joul e. 0 ,^ 

To find the amount of work done in. joules that it took to movie the^'car to tHe 
curb, we must know the force used and the distance moved, ff'we pushed onthe 
car with a pressure of 45 pounds and we moved the car 16 feet, we can figure 
out the work done by multiplying 45 times 16. However, the joule is a metric 

rLT^aUuUtrttTules.''^ '^^'^"^^ te^s before 

The Metric Measure of Distance 

The meter is the metric measure of distance. One meter is equal to approKi- 

ne" ?oo'^'\i^V '^S "^"^^ approximately 5 meters. 

(16 X 12 = 192 Inches. 192 ♦ 39.4 = 4.87 meters or approximately 5 meters.) 

The Metric Measure of Force 

- " % 

The metric measure of force is the newton. One newton is equal to approximately 
.224 pounds of force. By converting, 45 pounds is equal to 200 newtons. 
(45 * .224 = 200) . 

Now WG know that; * 

f 

Work In joules^ Force in newtons 'x Distance in meters 

Let's find how many joules it took to move our car to the curb. 

Given: Force (F)« 45pounds'or 200 newtons 
Distance » 16.4 feet or 5 jneters 

Work (W) in joules 

■ • ■» 

Work in joules » Force in newtons X Distance In meters 
W = 200 newtons X 5 meters 
W = 1000 joyles 




21 



V Basics of^ner^^; :. 



•■■V 'r 



It took- 1000 joules to move ()ur ear to the curb. 



4he measure of work done Is also Important when electricity supplies the energy, 
to do the work. An example of work done using, an el-ectrical circuit J5 using. ^ 
the starter on the car. The energy from the battery must turn, the starter 
motor td\c'rank the engine.^ The work done by the battery ,cah be expressed in 
joules.. ^ ' . - 

Energy Convepslon 

One of th»4)asic laws of physics states that energy cannot be created or 
destroyed^ Energy can be converted frpm one form to another. Energy is 
convert^ from one form to another in a battery. Inside the battery the 
chemical action that takes place produces stored electrical energy. 




This stored energy is not doing any work. It is available for us to use to do 
work. We call this type of stored energy "potential energy." 



Potential Energy ^ , • . . 

— : 

As was stated*, potential energy is stored energy. The energy is there ready 
for us to use. Thfs type of energy is not doing work Aintil we use it to 
operate a 4ev1ce. The electrical outlets in your home provide energy in this 
manner as do batteries and other -.sources of electrical energy. 

To be able tp use potential energy, we must get it moving. This is done by 
converting potential energy to moving energy. When we connect a lamp to a 
battery, the potential energy becomes kinetic^ or moving, energy which lights 
the lamp. , " 
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Kinetic Energy ' V. . ' ' • 

Shown below 1?an electrical circuit demonstrating how the chemioa! energy of> 
the battery is converted to electr1ca;l energy. The electrical energy Is moved* 
to thfr"lamp where it is converted to 1 ight. energy. The lamp is an energy 

converter and is called the load In the circuit. 

- ■ ^. '■' ■ ' ■ ■ ■ • ■ 




CHEMICAL 
ACTION 




aeeTRi^AL OUTPUT 

Mg^iNG ENERGY 



CONMECTING WIRES 




ENERGY SUPPLY 
Efficiency 



LOAD ( ENERGV CONVERTER) 



With today's energy crisis, we are all concerned with conserving energy. ^ 
Unfortunately,, it is impossible to operate our machines with no loss. When (we 
talk of efficiency, we are referring to how much energy we put into a machine 
how much we were able to use, and how much was wasted In a form that we could 
not use. Let's take an example of a very common device that we all use. It is 
the common, screw-in, incandescent light bulb. jShow below is a diagram of an 
incandescent lamp system. «> , 




ELECTRIC 
ENEFfeY 
SOURCE 



— LI6^^T ENERGY 
m HEATENER6Y 




LAMP 
(LOAD) 



In this type of system (which^we all use), it is a fact that if 1,000 joUles of 
energy were apf^lied to the lamp, we would get oply 200 joules of light. This 
means that khe other 800 joules of energy went some"*place else. The energy that 
was not converted into light'was converted into heat. The light bulb makes a 
better heater than a light sourc^! To figure the efficiency of-Hiis lightbulb 
we use the following formula: ' 



work Out 

percent efficiency = x 100 % 

.work i^ 

Given; 1,000 joules electric input 

200 joules lig>it output 

Find % eff# ency 

w o:ut . 
Known % ef f = X 100 % 




\ 




W in 



200 



Solution: % eff = 



1,000 



X 100 % 



% eff = .2 X 100 % 
% eff = 20 % 



Answer % eff * 20% 

y 

The other 80% of the energy in heat loss was wasted as e^* unwanted type of 
energy. All electrical devices do not operate as inefficiently, as the light 
bulb. The fluorescent lamp is more efficient than the incandescent type. The 
power transformers that you see on tlt^ power poles operate with over 95% 
efficiency. Motors in clothes dryers, washers, etc., operate with from 50 to 
70% levels of efficiency. By knowing the' eff iciency, we can make wise choices 
of electric^l^devices to save energy. 
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Self-Test 



1. Energy is 



(a) force. . 

b) , pressure. ' / - 

c) ability to do work. , 
(d) travel . ' 

2. The base unit 'for energy is the . 

* 

(a) joule. . * 

(b) meter. ^ 

(c) newton. > « ' 

(d) neutron. 

3. The symbol for work done J n the Joule is 

(aJP. ■ • 

(b) W. 

(C) Y. • ■ . .^ ^ 

(d) A. . 

4. Efficiency is measured in the 

li) newton. 
(b| meter, 
(cj percent, 
(d) joule. 

5. Which device listed below has the lowest efficiency? 
ja) motor' 

(b) washing machine ^ ' ' 

(c) incandescent lam^*^ 

(d) fluorescent lamp 

6. The conversion of energy states that 

ja) energy c4n be created. 

(b) energy can be changed into another form, 

jc I energy can, be destroyed. 

(d) energy is equal to the newton, \ 
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If you push on your car with a with a force of 450 newtons for 5 seconds 
but the cir does not move, 

<- — - . 

(a) the work Is equal to the pressure. 

(b) no work Is done* • 

cj the work is equal to the newtons squared, 
d) 2,250 joules of work Is done. 



8. To calculatftr^r the joule you must 

(a) divide the newtons by the force* 
jbj multiply the efficiency times the force. 

(c) find the reciprocal of the number of newtons. 

(d) multiply the distance, times the force. 

9. Efficiency of any^evtce has to do with the • 

[a) amount of energy input compared to the wanted energy dutput. 

pu amount of heat dissipated. ^ ' / 

z) amount of energy input compared to the newtons applied, 

(d) amount of time operated. 

Stored energy is known as 

aj kinetic energy. f 
b) newtons. . I 

(c) potential energy. 

(d) joules. ' ' . ' %' 

11. In the electric circuit that is shown below, what device is the load? 





|«j The battery. 



The wire that is connected to the 
battery. 

c) The lamp. 

d) There is* no load in this circuit. 




LAMP 
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Basics of Energy 



Task 



Task Sheet 



Solve the problems below: 

1. How much work Is done if we ride a bicyclev 1 kilometer (1,000 meters) by 
applying 50 newtons of steady pressure to the pedals? 

joules 

f ' 

2. How much work Is done if yoit push a car 80 meters by pushing with a steady 
force of 820 newtons? • 

. joules ' 



3. Our flashl Ight. batteries produce 240 joulis'of chemical energy to supply 
200 joules of electrical energy to the flashlight lamp. What Is the 
efficiency of the battery? ^ ^ 



4. Our refrigerator's ice maker was able to produce 10 pounds of Ice. ^ach 
pound of Ice represents 150 joules of energy. Our -refrigerator used 1,950 
jou)es of energy to produce the 10 pounds of Ice. What Is the efficiency 
of the refrigerator Ice maker? 



5, The study lamp that I use gives 150 joules of energy In the form of light. 
To produce this we have to supply the lamp with 750 joules of electrical 
energy. What is the efficiency of the lamp?' f 



n 
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Answers 
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Answer s to Task Sheet 

1. 50,000 j 01^1 es 

W - F X ^ 

W - 50 X 1,000 

W » 50.DOO joules. 

2. 65,600 joules 

W « F X d 
>^ W = 820 X 80 

W « 65.600 joules. 



3. 83. 3X 
% eff 

% eff 



W out 
W In 
200 



X 100 



-X 100 



% eff = — X 100 
6 « 



% eff 



500 



- 83.3% 



4. 76. 9X 



W out 

% eff * X 100 

, Win 

1,500' 

% eff » ^ X 100 

1.950 



% eff - 76. 9X 
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Answers to Task Sheet 

I I -. 1 * - 

5. 20% 

W out 

% eff X 100 

W in 



150 

% eff « X 100 

750 



100 

X eff « « 20% 

5 
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Final Test 



1. If a lamp gives us 500 joules of light energy while it is beiag supplied 
. with 1.200 joules o_f/€lectrical energy, what is its efficiency? 

m 

%: 



2. How much work is done if you roll a rock 5 meters with a force of 1,000 
newtons? 

, joules 



3. How much work is done if you hold a 5 kilogram weight 1 meter from the 



floor- for 10 minutes? . 
Joul es 

4. Efficiency is measured in the»- 

faj newton. 

(b) meter. 

(c) percent. 

(d) volt» 

5. Trfe symbol for work is 



1^ 




6. Efficiency is a factor of 
U) the power used. 

(b) the amount of energy input compared to the energy output in the form 
wanted. 

(c) newtons 1^1 miss force. 

(d) the power used compared to the heat dissipated. 

7. Moving energy is known as 

(a) DC voltage. ♦ x 

|b^ kinetic energy.- 

,cj potential energy. lH 

[dj the joules per second. ^ 
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8. The definition of energy Is 

Jaj the force applied. 

[b) the ability to do work. 

[c) the pressure applied. 

[d) the travelper time* 

It' 

9. The base unit for energy Is the 
[a) work. 

[cj forc6 per^^econd. 
(d) Joule. 



*i JO. What type of lighting has the worst efficiency? 



U) fluorescent, 
(b) phosphorescent, 
(cj Incandescent, 
(d) Iridescent. 

li. The function of the load In an electric circuit Is 



(a) energy production. 
.(b) Improving efficiency, 
jci energy conversion, 
(d) no function. 



/ 
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Final Evaluation 



All answers on the Task Sheet must be 100% correct. Answers on the Final Test 
must be 90% correct. 



OK 



Re-Do 



Task Sheet Score 
Final Test Score 



When all checks Indicate OK, proceed to the next learning package, 
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SELF-TEST ANSWERS 



1. c 

2. a 

3. b J 

4. c 

5. c 
j5. b 

7. b 

8. d 

9. a 
10'. c 
11. C 
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ATOMIC THEORY 



Goal: 



Performance Indicators: 



The apprentice will be able to 
describe the atomic theory. 



1. Describe parts of an atom. 

2. Describe valenpe electrons. 

3* Describe free electrons, 

A. Describe insulators and 
conductors. 
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EL-BE -03 
Atomic Theory 



Objectives 



Given: 

This learning package, 



The student w1 1 1 : 

Draw the structure of the atom and 
name the parts wh,'1ch deal with elec- 
trical theory. \ 

Answer correctly questions pertaining 
to the structure of the atom. 



Directions 

Obtain the fol lowing: 
This package. 



Learning Activities 



Read the Key Words list. 

Read the Information Sheets. 

Do the Self-Test. . 

Do the Final Test. 

# the' Task. . 

Obtain Final Evaluation. 




' ^ ■ . , ■■ • y ' ■ ■ . 

EL^BE-03 
Atomic Theory 

Key Words 

Atom: The smallest bft of an element; the basic building block of matter. 
Compound: Chemically united materials, 

\ Electron : The negative bit of matter found in the atom in shells around the 
nucleus. 

Mdtterj /^ <\ny thing that has weight and takes up space. 

Mixtj(r^ Combination of materials that can be separated by mechar^lcal means. 

Nucleus: The center section of the atom which contains the positive charge. 

Proton: The positive bit of matter in the atom found in the nucleus. 

Valence : The system that has to do with the bonding of atoms together to form 
molecules. 
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lnformaftei(;i Sheet 

In the last package we found that we need energy to do work. To do work was to 
-apply pressure to make something move. When we use electricity to apply the 
pressure to make work take place, what Is realJy happening? Where Is the. 

fressure coming from? What is moving? t<hat kind of work is being done? 
efore we can answer these questions, wfc have to look into the electrical 
circuit, right irvto the-materlals of which It is made. The materials that are 
- used in electrical circuits fall Into three categories: conductors, Semicon- 
ductors, and insulators. . 

The conductor? include most metals. Copper is the most common one used. 
Conductors form the part of the circuit that allows the electricity to pass. 
The wiring. in your house, the^^oils in motors and transformers , and all of the 
connecting cords, to our. televisions , lamps, etc., are all conductors. 

The semiconductors are not as common. TheyLre not good at allowing electric- 
ity to pass, but they do not stop it. Semiconductors are used in many types of 
electronic components. Two examples of components which use Semiconductors are 
diodes and tcanslstors. 

The insulators are very Important to electrical circuits. This type of Mate- 
rial prevents the electricity from moving. The plastic covering on viirei and 
the tape that we use to cover electrical connections are Insulators. Our 
personal safety depends on the use of good Insulators: they prevent us from 
being electrocuted. 

What is. there about these materials that makes them act as they do In elec- 
trical circuits? To answer this, let us .look intp the materials themselves to 
see how they are put together. ' 

Materials, no matter what- kind , are called matter.- Science tells us that 
njatteH is anything that has weight and takes up space. Jhht covers everything 
from the air that we breathe to the ground that we stand o'n. Matter can be a 
gas, a liquitl, or a solid. Matter can be metal or nonmetal. But whatever 
form or state of matter, laws apply as to how U is put together. Some mate- 
rials are found as mixtures: they are made up of two or more things. Mixtures 
can be separated by mechanical means. Let's take the example of dirt In water. 
To remove the dirt, we can let the mixture settle and filter the dirt out of 
the water. In this way, we have separated a mixture by mechanical means. 

Many materials are compounds. Like a mixture, a compound is made up of two or 
more things, but they have been combined by a chemical reaction. We cannot 
separate compounds by mechanical means. The water that we filtered is Itself a 
compdund. If we could look at water before its parts were combined chemically, 
we would see that it was really two very different kinds of materials. Two 
gases, hydrogen and oxygen, in the proper combination, make up water. Water is 
not a single iijiffijlal ; we can break it down into two different materials. If 
we break wateWHto the point just before it separates into these two differ- 
ent materials ,J|PP)u Id have the smallest bit of water DflS*+ble. This amount o^ 
water would be so small that it could npt be seen eyetGHh- d powerful micro- 
scope. This amount would be called one "molecule" of water. A molecule of 
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water is^piade up of (two parts hydrogen and one part oxygen. H2O is the 
chemi cat formula for water. The H2 stands for two atoms of hydrogen. , the. Oj. 
stands for one atom^ of oxygen. When we write'H20k we mean water. We also 
^ mean that a molecule of water is made up of two atoms of hydrogen .m/5.1 ted with' 
'^one atom of oxygen. (>y ^ 

Any material that can be reduced down to the aton/lc level (size) ahd ijtill have 
identity as the same material is an element. Water cannot be broken down into 
the atohiic level and still be water. When we break water down to adorns , we 
find two atoms of hydrogen and one atom of ox^igen. Hydrogen can be broken down 
to the atomic Vevel and is still hydrogen. Hydrogen, the*, is an element. 
Examples of other elements are copper^ goVd.K silver, and carbon.- , are 92 

natural elements. Materials .that are made up of two or more elements are 
called compounds. Examples of compounds th*t*are very important in electrical 
work are brass (made of copper and zinc) and ■glass (made up of silicon and 
carbon). Let us get back to .the elements to fiifd out how some of th^^lr atoms 
are put together. 

§We of the elements that make up water is hydrogen. Let's take a very close 
look at one atom of hydrogen. Always remember that the atom is so sm^ll that 
we have never seen it*. The only way we know of its appearance is by experiment 
and calculation. Below is a diagram of a hydrogen atom. Note the name of each 
paft. . ' ' I 



ELECTROW 



♦ 



PROTON 



/ 



■SHELL 



■NUCLEUS 



/ 



Notice that it looks like a small sol^r system with a proton in the center and 
an electron in or1)it around the outside. The center is called the nucleus. 
The orbit is called a shell. An atom of hydrogen is the simplest and lightest 
of all. Its atomic numbe P''iT-xme . Before we go on to the next atom, let's 
review its parts* / „ 

I 

The Electron " '■' ^- 

J ,^ V 

This part of the atom^ is very light. It has the negative electric charge and 
Is the part of the atom that is the most mobile. The electron is in motion 
around the nucleus in A sort of orbit or shell. Some atoms hdve many electrons 
and shells around the nucleus. . I 
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THe Proton . 

This part of the atom Is heavier than the electron. win fact. It Is over ^ 800 

times heavier than the electron. Jhls part of the atom carries the positive 

electric charge and Is locked up in the nucleus. . 

The Nucleus 

This Is not a part as such. This is the name ot^ area In the center of the 
atom, where the protons are grouped. In most cases the nucleus has more than 
Just protons in It. It may contain neutr'ons. Remember that the nucleus is 
very dense and is responsible for almost all of the weight of the atom.- 

The Neutron . ■ ^ 

This particle Is found In the nucleus and has no electrical charge. Electric- 
ally, we c^n Ignore it. . . ^.^ 

Let's look at the next atom (atomic number two)i1n the atomic tseries. The name 
of this element Is helium^ Below is a diagram bf an atom of Kelium. Study its 
parts. How does it differ from hydrogen? . 

ELECTRON- 



2 PROTO/VS 



ELECTRON 




SHfLL WITH TWO 
aECTPONS 

NUCLEUS 

NEUTRON 



It has 



You will notice first that this atom is more complicated than hydrogen, 
two electrons and two protons while hydrogen and has one of each. This 
balance of electrons and protons is true for all atoms in the^ natural state* 
for each electron in the shells around the nucleus, there must be a proton in 
the nucleus. The differei^ce between atoifls of different materials is that they 
have more or less of these atomic parts: protons, electrons, and neutrons.. 

As we go up the atomic scale, the atoms become more and more complicated. Each 
time there are more electron-proton pairs, the atom gets larger., More shells 
are found around the nucleus. Each shell has a fixed number of electrons that 
can be in that shell in ^ny specific element. On the following page is a chart 
showing the numbers of electrons that can be in each shell. This nulnber of 
electrons is absolute only if followed by' another shell. If the shell is an 
outer one. any number of electrons is possible up to the natural number for 
that shel 1 • 
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SHELLS 




NUMBER OF ELECTRONS 



NUCLEUS 



As you can see from the above chart, there are seven shells for electrons. 

r not be there and may hot hav 
a heavier material.'' Below ts a 



Depending on the material, all thejhells may not be there and may hot have a 
full complement of electrons. XeVs look at i 



diagram showing one^atom of aluminum. 



l^r SHELL: 2 ELECTRONS 

a'^'^SHELL: . ^ 

5«'^5HELL: 5 ELECTRONS A >0"O;i;^.^ 

ONE ATOM OF ALUMINUM 

Valence Electrons 

The outside shell of electrons of the atom Is the valence ring. The electrons 
in this group are the ones that Interact with electrons of other atoms to hold 
atom to atom. This process is called bonding. Bonding can be very complicated 
Remember that bonding takes place when chemical reactions take place. The 
tr'^ding of electrons from one atom to another occurs In this outer ring because 
the electrons are not held as tightly as they are In the Inner shells. When 
atoms are .bonded together, they form structures xal led molecules. Because the 
structure of the molecule varies a great deal , sW of the valence electrons 
are not held to others in the bonding process. These unbonded electrons are 
cal led free electrons. 
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Free Electrons 

As stated above, free electrons can be caused by the bonding structure of the 
^ molecule. Any force fi^om the outside can push the free electrons around In the 
material. The force can be almost any form of energy. A few examples are 
heat, 1 light, magnetic energy, mechanical energy and chemical energy. In some 
materials, these valence electrons are locked Into the bonding more tightly 
than in others. lf\ these materials. It takes more outside energy to force the 
electrons around. 

Insulators and Conductors 

' Materials that have their electrons locked up in the bonding process will not 
let go of their electrons rtor will they take any In. The only way that free 
electrons can become available In such materials Is by the use of huge amounts 
of energy. This kind of material Is called an Insulator. Some of the common 
Insulators Include air, plastic, and glass, ilnsulators stop electricity. 
Because of this, we find Insulators as coverfng on wires, sections of terminal 
strips, and any place we need protection from electricity. 

A conductor is a material that has free electrons In the bonding system. It is 
r very easy to produce electron movement In this type of material. Only small 
amounts of energy are needed to move electrons through conductors. Conductors 
are used as connecting llitks between electrical devices. Silver and gold are 
excellent conductors, but, because of their high cost, they are not the most 
frequently used. Copper is a very good conductor and Is far less costly than 
gold or silver. Because of this. It Is the most commonly used. 
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Self-Test 

1. The second shell of the atom can contain 

a. i^o electrons. » . " 

b. eight electrons. 

c. any number of electron?. 

d. eight protons. , " 

2. The part of the atom that has the negative charge Is called , 

a. the neutron. 

b. the nucleus. 

c. the first shell. j 

d. the electron. I ' 

3. Matter Is described as aVthing that has weight and 

a. Is a mixture. ■ 

b. takes up space. 

c. takes up valence, > 

d. Is an element. 

electric charge. 



5. The nucleus Is the center section of the atom which 



4. The Dp^ton has the 

a{ neutral 

b. expanded 

c. -positive 

d. negative 



a. has the negative charge. 

b. contains only neutrons. 

c. Is the lightest part of the atom. 

d. has the positive charge. 

6. The valence shell of the atom 

a. is part of the atom where bonding takes place. 

b. Is In the nucleus. . ... 

c. has only positive charges. 

d. is di^lways the second shell. 

7. The number of electrons In any atom/Is equal to 

a. the number of protons. 

b. the number of protons and neutrons. 

c. the lowest energy level. 

d. . two plus the number In the outer shell. ^ 




A mixture can, be separated^by 

a. chemical means. 

b, a double reaction. , . 

c, mechanical) means. 

d. adding energy. 
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Task 



Draw the atom of aluminum and label all parts. 
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Final Test ^ ' 

1. 'Mechanical mbans of separation win 

a. separjg;e atoms. 

b. cause louble reactions. 

c. separate a mixture. 

d. separate- a compound. 

2. The number of protons that are found In the nucleus Is equal to 

a. the number of electron^ In the shells around the, nucleus. 

b. the^Tiumber of shells. , 

c. the number of neutron^.. 

d. the number of electrons plus the number of neutrons. 

3. The part of the atom that has to do with bonding Is 

4 

a. the positive charge. 

b. the neutron. 

c. always the second shell. 

d. the outer or valence shell. 

4. The part of the atom that has the positive charge Is 

* 

' a. , the neutron. 

b. the proton In the nucleus. 

c. the electron In the nucleus. 

d. the lightest part of the atom. 

i 

5. Jhe el-ectron has the \ charge. 

a. neutral • 

b. expanded 

c. positive 

d. negative 

6. Science tells us that matter Is composed of 

a. anything that has weight and takes up space. 

b. only elements, 

c. any mixture. 

d. anything that has valence. 

7. The part of the atom that Is the lightest Is 

a. the proton." v" 

b. the electron. 

c. the outer shell. 

d. the neutron i V , 



3. The §econd shell of the atom can have 
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a; eight electrons. 

b. two electrons. 

c. any number of electrons. 

d. two protrons. 
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Final Evaluation 



>i/. 



All answers on Fl^nal Test and completed drawing on Task must be lOOX correct. 

. ■ 211 Re-Do 

Task Drawing J Proper number of protons, neutrons 

and electrons and proper labels ' " " 

Final Test Score Percent 



When all checks Indicate OK. proceed to the next learning package. 
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Answers 

Self-Test 

1. b 

2. d 

3. b 

4. c 

5. d 

6. d 

7. a 

8. c 



./ 
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liLECTR ICAL CON DUCTION 



/ 

/ 




Goal: 



Tlu'vipprenLicc wil.l bo able to 
(Icsr rjbo how cloctricily is ' 
conducNLod . 



Performance Indicators: 



1. 

2. 
3. 
A. 



Describe polarity. 

Describe interaction of charges 

Describe ions. 

Describe movihg electrical 
charges. , / ' <• 
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Objective^ > 

Given: n " 
Examples of conductors <ind Insulators. 

A test device. • 

1 * 



The stuHent will: 

Perfonn a test to determine which 
materials are^conductors and which 
are InsuUtors. 

Answ^j/correctly questions pcrtdin- 
Ing-^to electrical conduction. 



Directions 

Obtain the following: 
Materials to test. 
A continuity tester. 



Learning Activities 

Read the Key Words 11 



Sne( 



Read the Information Sneet. 
Do the Self-.Te«t. 
Do the Task. 
00 the.Final Test 
Obtain the Final Evaluation. 

Hi* 



EL-BB-04 * 
"'^ Electrical Conduction 

Key Words 

Polirl^: Having one of two opposite charges, ohe positive and one negative. 
Ion: An atom which "has an unbalanced ^harge.^ 

Negative ion; An atom which has too many electrons and, therefore, has a ' 
negative charge, » 

Positive ion: An a^ that has a shortage of electrons and. therefore, 
has a positive charge. 

Repulsion : The action of pushing away. 

Continuity: An unbroken path for electron travel through a, material . 

.• ■ - . ■ • * ■ 
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Information Sheet 

- / / 

Electricity Is produced when electrons are freed from their atoms. Electrons 
In the outer orbit or valance ring have the highest energy level and are the 
farthest fVom ♦the nucleus which has the positive charge. • 



Polarity 



Our Idea of electric charge or polarity comes from knowing how the electric 
*V fields are structured around the electron and proton. The exact nature of 

these fields s not known, but the action of these fields appears to be similar 
flTJTi^^l * ^^'^'^^ * ^^^^^^ electron showC he 

known ) ^"^^Z particle Is shown round; the true shape Is not 

PROTON ELKTRON 
Notice the force field has direction. Also notice that the force fields are 
opposite In -direction. In other words, the field surrounding the positive 
particle goes in on* direction and the field surrounding the negative charqe 
goes in the oppositft direction. » ^ c i-narye 

Interaction of Charges 

Because of the direction of the fields there is a natural attraction or 
repuls on that takes plac«. (Repulsion is the opposite of attraction; it is 
a pushing away.) Study the diagram below which shows what:happens wheh two 
positive charges are brought close to each other. 

BUCKING FIELD-/ VV 
And below, you-^ee what happens when two negative charges are brought together. 



J RESULT; X""^ 



REPUL&/ON 



^ f ^SUCKING FIELD 
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From these two examples we can see that when two positive charges are brouoht 
together, they repe each other; they push apart from one another. The very 
same action takes place v^en two negative charges are brought together. 

From this we can say that LIKE CHARGES REPEL . 

Let's check the last possible combination. What happens when a positive and a 
negative charge are brought together? 




ATTRACTIOfN 

As you can see. the fields are now held together. They attract each other. 
From this we can say that UNLIKE CHARGES ATTRACT . 

This Is the law of electrical charges. This action of attraction and repulsion 
makes Impossible to move electrons by pushing them with other electrons 
(negative charges) or by pulling them with positive charges. This Is the force 
behind the e ectric current. How can we build this force so that we can use 
it to do work? The answer is to unbalance nature by producing ions. 

Ions 

As was stated before, in an atom there is) a balance between electrons and 
protons. In a natural atom the number of electrons is the same as the number 
of protons. But this balance can be changed. By the application of energy, 
we can force electrons away from iin atom. This will leave that atom with less 
electrons than protons. Then the atom will have more positive charges than 
negative charges. This charged atom is a POSITIVE ION. This positive ion will 
try to steal an electron from anywhere it can. It is natural for it to try to 
regain balance. ^/ «jr tu 

It Is also possible to add an extra electron to the atom. Then there are more 
negative charges than positive charges. This charged atom is a NEGATIVE ION. 
This atom will try to give away an electron if it can to regain its balance. 

Producing I<)ns 

There are many ways that ions can be produced. A battery can produce ions with 
chemiMl action. Mechanical friction can also produce ions. If you shuffle 
your feet on a rug, you can pick up electronti. By picking up extra electrons, 
your body |»as negative ions on it. If you bring your finger near a door knob 
or sometimes another person, the extra electrons will leave you with a spark, 
giving you a shock as the electrons move from you. 
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Moving Electrical Charg es 

How can electrical charges nwve through things? As you shuffled on the^rua 
iZnl^l'^H f^''^'^"'^ the charge, but you lost the charge fro^ you? Wnjir?' 
ItX S:"" your shoe to your finger. How this happens Is qilt; 

simple. You now htve negative ions in your body. The charged atoms will trv 
to rega n their balance by getting rid the eitra electrons? S?Sce i shje 
Is picking up more electrons, they must seek another place to leave the body 
^l^t'' ^^TJ *° ^^•^^•^ ^^^^ Mpll Ahe electronrjump frS5 one 




FREE 
ELECTRofi^ 

JVt^PS FFm ONE V^TOM 7D ANOTHER 



The electron that goes in one end probably will not be the same one that leaves 
the string of atoms. Another way to picture this is shown below. 



OME OUT 




a^LL OF BALLS 



The pipe is full of balls. When you add a ball at one end. a ball comes out 
the other. In an electrical circuit, an action similar to this takerplaw at 

Je?e?s^^r°LiinS*' ' ""^^^ •^^'^^ measure , 300 1 000, 000 

In some materials the electron movement occurs in a very*limited way. These 
materials are cal ed insulators.^ In materials with many free electrons the 
Inaction occurs easily and these materials are called conductors. Because the 

Jo" hd?tLr'?rjl'<:li'rH'J%r^r* •'•^^^"^ throughlhem fr^'o'ne end 
to the other. It Is s<1d that they have contin uity. In other i«r<ls~ « iMt«r<>i 

with continuity provides a complete path-To^^iTictron oxchaSger 

In the-fo11ow1ng Task you will be asked to test materials and separate the 
Insulators from the conductors. RenMber that Insulators prevent electricity 
from f owing because there are few or no free Electrons In the bond no systw. 

nSS Sf Slecrr1cn7 • '^'"""9 '"ow thf 
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Self-Test 



InsirUtors differ from conductors In that 

a. Insulators have more protons. 

b. Insulators have few free electrons. 
. c. 1nsulators*are metals, 

d. Insulators are bonded. 

Materials. with continuity 

a. are not conductive. 

b. allow electricity to pass lAirough. 

c. are ferrous. 

d. are nonferrous. 

An ion is 

a. a metal . 

b. an Insulator. 

c. a charged atom. 

d. a lamp, 

4. Like charges 

a. attract. 

b. have no force fields, 
« c . repel . 

d. attract only metals. 

5. Unl Ike charges • 

a. attraJt. 

b. are only at the north pole. 

c. repel. 

d. are only In Insulators. 

6., Electricity travels at an effective speed 'of approximately 

a. the speed of sound. 

b. thei speed of light. 

c* 300;000 meters per second. ^ 

d. 120.000 feet per second. ' 

7. A negative Ion Is 

a. an atom with an unbalance of neutrons. 

b. an electron. 

c. an atom that has more electrons than protons. 

d. an element'. 
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Task 



I 



Materials: 



Pieces of copper, Iwrass, aluminum, Iron, tin, lead nichrome. 
Pieces of string, woo^^< paper, rubber, plastoic, cloth. 

Equipment: * 

Test light unit or continuity tej^ter as pictured below. 



Procedure: 




•BATTERIES 



MATERIAL UNDER 
TEST 



Test each piece of test material for conduction (continuity). To do this, 
touch one test wire to one end of the material under test and the other test 
wire to the other end. 

Note the lamp. Does it light? if it lights, the material Is a conductor. 
If it does- not light, the material is an insulator. 

List the materials under the proper column heading. 



CONDUCTORS 



INSULATORS 



o 
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Final Test 



J. An d torn that has <^n unbalance of electrons and protons is 

a? ^ lin Ion. * 

b. uncharged. * >, 

c. an element. 

d. a compound. 

2. The effective speed of electricity Is * 

a. the speed of sound. * 

b. 300,000 meters per second. 

c. the speed of llghrt. 

d. twice the speed of sound. 

. 3. Unlike charges . . * 

a. attract. 

b. have no action. a. 

c. repel each other. 
^*\y^d. are unblanced. 

4. Like charges 

a. attract. * 

b. . have no action. ^ 

c. repel each other. 

d. are unbalanced. ° 

5. An Ion Is ' 

a. an Iron material . 

b. a lamp. 

c. an Insulator. 

d. a charged atom. . * 
6.. A material that allows electron exchange all the way through Is 

a. said to be an Insulator, * 

b. ' said to have continuity. 

c. said to have no Ions. 

d. ^a nonmetal. . ■ r 

> ' ^ i- 

7.' An Insulator Is * 

* . ■ 

a. a Ihetal . 

' .^y- 'b. / a bonded metal. ' - # 

•C.,;, a material with few free electrons. 

* d. a material with many free electrons/ ' 
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Final Evaluation 



All answers on the Final Test and Task must be lOOX correct. * 



y-'' ' — ■ • — ■ — ■ 4 


OK 


RE-00 


Task Score ^ % 






Final Test Score % 

t 







When all checks indicate OK. proceed to the next learning package. 



V. 



\ 



Answers 
SelMest No. 1 
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.1. 
2. 
3. 
4. 

i). 
61 
7. 



b 
b 
c 
c 
a 
b 
C 
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BASICS OF DIRECT CURRENT 




Goal: 



The apprentice v/ill be able to 
describe the baste characteristics 
of direct current. 



1 

I 



I. 



ERLC 



Performance ^hdlcators: 

1 . De^cribe^ polarity . 

3. Describe voltage. 

A. Describe current. 

5. Describe resistance. 

6. Describe wire six*es* 
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Given: 

Information contained in this 
package. 



The student will: 

Name and define the four factors of 
electricity. 

Describe what actions take place as 
values of voltage, current, and 
resistance are changed. 



Directions 

Complete this package* 




Learning Activitres 

Read^the Key Words List. 

Read the Information Sheets 

.. . Study the Task Sheets. 
Complete the Self -Test. 

^ Complete the Final Test. 

. Obtain Final Evaluation. 
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A Keywords ^ ' 

It . 

Ampere ; The base unit of measure of electron flow (one coulomb per seco/id). 

Charge : An electrical unbalance; the charge may be negative or positive. 

ift 

Coulomb ; The base unit of charge, 6.28 X 10 electrons. 

Current; The fl^U of electrons. 

T Ohm; The base unit of measure of resistance. 

Polarity ; Identification ofj:harge; It may ^e + or^-. Assignment of connec- 
^tlons. 

Power ; The ability to do work. 
'■ Resistance ; The opposition to the flow of electrons. 
Volt ; The base unit of measure of electrical force. 
Watt; The base unit of measure of electrical power. 
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Information Sheet 



« As you learned in the last package, el6ctron^ can move through conductive 

materials. This movement occurs because the balance between the number of 
electrons and protons has been upset. The linbalance can be caused by energy 
applied to the material in some way or another. An example of a common device 
with an electron imbalance is a battery* Let's take a look at a flashlight 
battery. At one end is the positive pole, and at the other end, the negative, 
pole. Inside there is a chemical mix which produces large amounts of negative 
Ions (atoms with extra cHectrons) on the ^negative end, and positive ions (atoms 
with a shortage of electrons) on the positive end. 




The action of the chemical mix takes place at a fixed speed. The result Is 
thelt Ions are produced at the same rate. When the battery was first con- 
structed, this action topk place to bring the battery to the 1.5 volt level. 
If the battery were to be used in a circuit which permits a very high current 
flow, the chemical action would not be able to maintain the surplus of electrons. 
The output voltage of the battery could drop below the 1.5 volt level. So we 
cannot use the electrical output from the battery faster than the imbalance 
is produced on the inside of the cell. 

Polarity ^ 

Polarity refers' to the direction in which electrons flow or attempt to flow. 
The battery has a posltivf polarity on one end and a negative polarity oh the 
other. This marking shows where the electrons, are coming from and where they 
are going. How certain devices are connected in tMs of polarity is extremely 
important. Diodes, capacitors, and transistors, meters and many other instru- 
ments must be connected to the fower supply with their leads in the correct . 
polarity. If these components or pieces of equipment were to be connected 
backwards (with the polarity reversed), they. could be destroyed. 
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harge 

As the negative Ions are added to the negative* end of the battery by the 
chemical action, a very Interesting and Important thing happens. Remember how 
electrons like each other? Right, they don't. They repeal each other. The 
more electrons we pack on the negative end of the battery, the more pressure we 
get. The a|t1on Is something like overpack1n?( a suitcase. We keep putting 
more and mo^Te In until It Is bulging and no more will fit. If the latch falls, 
the contents will pop out. The battery Is like this. The electrons keep 
building on the negative side until they are so crowded that no* more tan fit. 
The electrons want to get to the positive end of the battery, but they cannot 
because the chemical action stops them one way, and the air stops them the 
other (air is a poor <londu£tor). This Imbalance we c«ll charge. The amount of 
charge can be measured by knowing the number of electrons in the Imbalance. 
This number is normally huge, and its unit of measure is the coulomb. 

Coulomb . 

The number of electrons measured as one coulomb is extremely large. The number 
is a quantity of electrons equal to 6,280,000,000.000,000,000. This is read 
six-thousand-two-hundred-eighty-quadrillion. To be able to use large numbers 
like this easily, a system cal led. scientific notation is used. When this 
number is converted to scientific notation, it looks like this: 6.28 X 10 ®. 
This stands/for 6.28 multiplied by ten eighteen times. The advantage of this 
system is/that it allows large numbers to be used without confusion. At this 
point don t worry about learning scientific notation but be able to recognize 
itjfWhen you see it. 

Joule per Coulomb 

Now that we know that the coulomb is the base unit of electron charge, and we 
can remember that the joule is the base unit of energy, we can come up with a 
relationship to give us a measure of electrical force. This should be a measur- 
able unit to show the amount of force between the negative and the positive ' 
polarity. This unit is called the volt. 

The Volt(V) , 

As shown above, the symbol for voltage is V. It is used to indicate the output 
of d battery or power supply. As an example, a flashlight battery 14 rated at 
1.5 V. • 
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The relationship between charge, energy and voltage Is: voltage equals the 
energy divided by the charge. 



. fnergy W (Joules) 

Voltage (V) — 

Charge Q (Couloinbjj^ 

Just remember that voltage Is the measure of the electrlca.1 push. The more 
voltage, the more push. The voltage Is the prime ^over of elect ronsC 

To mea^sure voltage, we use a Voltmeter. The voltmeter Is like a small motor 
with a. fi&adle„on the end of the shaft to show the amount of rotation of the 
shaft. Study the following drawing. 




Notice that the more the needle goes upscale, the more force it takes to 
stretch out the zero-return spring. So the higher the voltage shown, the more 
force. It is important that the correct polarity be used when connecting the 
voltmeter. If it is connected in the reverse polarity, the needle will try to 
go downscale. 
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Another way to visualize what voltage means is to/thlnk In terms of/ wAter 
pressure. Study the diagram below. - ' ' 




X 



WATER LEVEL 



BULGE--^^ ^ RUBBER OIAPHRAM 




/WATER LEVEL 



/ 



RUBBER D/APHRAM 
>LAF(6ER BULGE 



JnJn" \'u'' ^^'^ """^^ ^^^^f" ^" ^'as more pressure on the 

thr:ier':i:?d^?ir ^^"^ ^ ^/^^ ^^^^^ 



/ 




•WATER LEVEL 

FLOW ^ WATER DELIVERED 



The^flow would only take place if there were pressU>;e on the bottom of the 
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Current Symbol (1) ;.. 

In an electrical circuit, flow also takes place. In the water sysdlin the 
material that w^? moving or flowing was water. In the electrical circuit the' 
material that does the flowing Is the electron. The electron flow or current 
will move from a place with more pressure to a place of less pressure. Study 
the circuit below. 



LE5S ELECTRON PRESSURE 




CHEMICAL 
ENERGY 




/ A-ENER6Y DELIVERED 



MQRE ELECTRON 
PRESSURE .. 



CONNECTING WIRES 



-LAMP 



FLOIV- 



7 



Notice that 
through the 
and back to 
connected al 
The current 
Is that ^or 
be one going 
filled with 
Study the fo 



there Is a complete path from the negative side of the battery 
connecting wires pn through the lamp through more connecting wires 
the' positive end of the battery. This complete path must b^ 
1 the way around the circuit or no current flow can talce pUGe. 
flow around the circuit Is always an even trade. What this means 
each electron leaving the negative end of the battery, therie must 

In on 4; he positive end. The operation Is something like a pipe 
balls: when a ball Is added to one end, one comes out the other. 

lowing drawing. 



ONE COMES 
OUT 



/ 



(XXX XX X XX 




ADD ONE 



— ^ BALL MOVEMENT 
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The flow of electric current can be measured just as we can measure water^flov^. 
In gallons per minute. The measure of electric current flow Is the ampere.^ 



The Ampere (A) 

To measure the flow of anything, all you have to^do Is to count how much Is 
going by a given place In a givfcn period of time/ We know that In the electric 
?al cirxult the flow Is made up of moving electrons. But ^n.^he e;«cU^^^ 
circuit It takes a huge amount of electrons per second to '"^^^ v^^^^'J^^^^ 
happen. Remember the cou1i)mb? Right, It was the huge ^•"^""^oj ^l^JJ'^J"^ 
we use to measure charge. So we express the amount of current flow In t|[e 
number of coulombs going by per second. You must rea ize ^^^f .^*28 X 10 
electrons are a lot of electrons. One ampere, then. Is ecjual to.one cou'lomb 
passing one point in one second. To measure current fl 5^ in amperes we must 
put a coulomb counter In the circuit. To do this, the ammeter -"ust be placed 
to check on all of the current flow. The ammeter is always connected in the 
circuit in series. Study the following circuit drawing. 






A- LIGHT AND 



HEAT ENERGY 



—LAMP 



AMMETER 

• • • /• , 

i . ■ 

Notice that the current must pass through the ammeter, ' 
back to the battery. The voltmeter 1s connected across the ^aj^ef^y.^o J. 
the battery's voltage when it is in operation. Let's tak^ 'another look at tHe 
c rc t We k^ow that the energy in the circuit comes from the Jtored energy 
in the battery. We also know that the energy that we are us ng takes the form 
of 11ght%nd heat from the lamp. What is In the lamp that .gives us the type pf 
energy that we want? The answer is resistance. j , ^ 
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Beslstajce (R) 



Inside the lamp there is a tiny wire which is made of tungsten. Tungsten is a 
metal which Is el ectrilfeilly conductive but much less so than conductors like 
copper. The melting point of tungsten is so high ihat it takes white hot heat 
to melt it. When we force current through this tiny tungsten wire, the force 
from the battery gives up its energy in a sort of electrical friction. The 
result is high heat and light. It is the resistance that converts the energy 
into the form we want. Toasters, electric heaters, hair dryers, electric 
stoves and ovens are other examples of everyday devices which use resistance to 
convert electrical energy to heat and light. 

There is a wide range of resistance levels in materials that we class as 
conductive. Iron has six times more resistance than copper. Silver is a 
better conductor than copper but not by much. Aluminum Is not as good a 
conductor as copper but, because of its l6w cost and light weight, it is used 
by the power companies for power lines. 

•4* 

How do we measure resistance? What is the unit of measure for resistance? « 
The^ohm is the unit of measurement. ^ is the symbol for the ohm. To 
understand what an ohm Is we can look at it In two ways » 



The Ohm (1) » 

From what you have read so far in this package you should. know what a volt and 
an ampere are. If we hook up a circuit which ^s a battery with one valt 
output to a resistance that will allow one ampere of current to flow, that 
resistance, 'then, is oi^e ohm. Study the circuit below. 




I AMP 



T 



RESISTOR MUST 
BE ONE OHM (I 



Notice that there is ohe ampere of current flow with one volt applied. 
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The Ohm (2) ' * . 

The other way to explain an ohm is to use a standard component that we know 
has one ohm of resistance. • 

A column of mercury 106.3 centimeters high and one millimeter square at a 
temperature of 0** Celsius has one ohm resistance end to end. Study the drawing 
below. 



T 



1 



4: 



SQUARE 



ONEOn 
(1^) 




Take another look at that column of mercury. The resistance of the mercury or 
any other material depends on four factors: 

1. The material of which it is made. ' 

2. How long it is.' 

3. The cross-section area. 

I 

4. The temperature. 

All of these four factors are important to review when circuits are designed to 
be sure that the connecting wires are of the right size. If the wire size is 
too small, they may heat and cause damage and energy loss* 
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.Whep wire is m^de, It Is sized to a system of nunibers for the" diameter of tU 
copper conductxjr. To.understand how this system works we must; uhclerstand heiw 
wire is made./ Wire is drawn. To draw wire is to pull it througtv a hole which 
squeezes it fhto a smaller diameter and^makes It^onger. See the illustratipn 



COPPER WIRE 



SQUEEZE 




7— ^;f^ll 



SMALLER DIAMETER' 



DIE 



The hbles In the die pTates must be In a size sequence decreiislng gradually so 
that/the copper will pull through rather than snap off. It, is this sequence 
that gives us the wire size number system. In the Illustration below there is 
a par\ of a wire drawing sequence showing four steps. - ' 



COPPER WIRE 



DIE 




PULj. 



WIRE 

SIZE NO. 4 
(WIRE SIZE MOTTOtolE) 



mn we select a given wire-size number, that number is the die number that the 
wfre went through last. The dies are numbered In th^ order that the wire goes 
through them. This, means that the. hole in the #1 die Is larger than the hole 
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la the #2 die. Number one size wire, then, is larger than #2. As the wire 
size gets smaller, the numbers get larger. Number 0 wire is almost as large as 
a ;)enc1J. whereas, number 36 wire is as fine as hair. V 

The amount of current (amps) that a given wire size, can carry without heating 
varies somewhat, but here is a chart with some examples of wire size and i 
, cu^nt capacity. (Copper^ wire. ) • 

# 6--50 amps 

# 8— 4Cr amps 
#10—30 amps 
#12—20 amps 
#14-^-15 amps 

In most cases copper wire comes in even number sizes. The smaller the size of 
the wire, the less? current It can carry. 




Measuring Wire Size with a Wire Gau(^e . 

The wire size can be determined by the use of a wire gauge. The name of the wire 
gauge that is In general use Is the American Wire Gauge (AWG). The drawing 
below shows the AWG. The sizes shown start at #0 and go to #11, but the gauge 
continues to #36. 
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/ *■ . ■ , •••'''>'•:■'' 



Notice the shape of the cutouts around the gauge. 



J' 




The cutout is made up of a slot cut intd a holev To properly ^use the wirev ' 
gauge the bare round wire is tried. fnto the. slots until, one is found that' the - 
wire just fits. Ttie hole is not used for viire measurement. 



Power and Energy 




. U/IRE JUST 
FITS IN THE 
SLOT<iN0T 
THE HOLE) 



An electrical circuitjs a system of transporting power-'from one place to 
another. On the input end we have a Source of energy which is converted into 
electricity. Then)attery does this. The chemical energy produce! the electri- 
cal Imbalance. Wires are connected tfo the battery which lead to the'loacl end 
of the circuit. The load converts the electrial energy into the form that we 
want. The loads can take many different forms. A light bulb gives us light. 
An electric heate? gives as heat. The electric motor gives' us motion. 
How can we measure just how much electrical power we are usirig in a device? \ 
Power is explained as how fast energy is used to do work. The base unit for 
energy is the joule and the base unit of time is the second. Power, then, can 
be measured in the joule per second. The name given to this joule per second 
measure is the watt. So the base unit of electrical power is the watt. The 
symbol used is W for watts and P for power. 
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?1. ^ :Polarity 'is Iden'^tlfled by 

a». numbers* 

' ' b.-: col br code. 

• c, i th^- shape of terminal or markings of + or 

d. the method "of connection. 

2. The ion producer {n the battery Is 

r a.*." a coil of wire. 
; / b. .", aluminum foil .. . 
') c.,';; a chemical mix.. 
A " d.f a tungsten electrode. 

3. Thi voltage. level from one flashl ight battery is 

a. 2.5 volts. 

b. 3, volts. * 
'. ' c. ^ l' volt. 

d. 'l- 1.5 volts. 

4. The quantity of electrons that equals one coulomb is 

a. 1.414 X 10. ,1 

b. 3.14 X 

c. 6.28 X IOI8. 

d. on^e billion. 

5. One ampere of current is equal to passing one point.. 

a. one joule per second . - 

b. one volt per coulomb | 
'c. one ohm per Volt 

d. One coulomb, per second ^ 

6. The electrical factor of voltage is explained as 

a. the flow of electrons. 

b. the resistance to electron flow. 

c. the force or pressure. 

d. the power squared. • 
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If ^the voltmeter Is connected In reverse, 

a. nojjlamage will result. ' / 

b. the reading must be Inverted to beicorrect,: 

c. the meter pointer will go down off-scale^ i 
d-. the. riding will be In ohms.; /, 



The symbol for curr^ent Is 

a. ^ 1 • \^ 

b. R . 
C. P 
d. I 



/ 



The 

a. 
b. 
c. 
d. 



four ffll 



ctors that determine resistance are 



In the wire-size number system ' 

a. the larger the diameter pf the wlV«, tlte smaller the number, 

b. the smaller the wire dlamet^r^ the smaller the number. 

c. the smaller the number, the Ibnger the wire, 

d. ' the larger; the wire dlamete^, the larger the number. - 

The ohm Is the unit of measure of 

a. power. . { 

b. amperes. , 

c. battery voltage. ^ _ 

d. resistance. 'V 



The unit pf measure of electric power Is the 



ohm. 
watt, 
coulomb, 
ampere. 
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Task 



The Complete Circuit 



V 



The following analogy and- circuits are provided for your study, Looiat each 
drawing then read the conclusions. Do ypu agree with them? if you^'t 6r 
are confused, re-read the Information sheets and try again. S. 




a; 



R 



OUTPUT(RDWER)- 




POWER 
WATTS 

ohms' 




FLOW-CURRENT 
AMPERE3 



2. 

3. 

4. 

5. 

6.^ 

7. 



If the voltage (pressure) were Increased and the resistance stayed the 
same, the flow would Increase. • . • 

The resistance rest^fcts the flow. 

If the resistance were decreased, the flow would increase. 

An elec.t;ric lamp Is a resistive unit. 

If the voltage^'were reduced, the flow wouTd decrease. 

If the voltaje were Increased, the power output would increase. 

If the flow decreased ana the voltaae stayed the same, the resistance 
would increase. ' 
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Complete the chart below. (Fill In the missing arrows.) 

this means that the value has Increased. 

This means that the value has decreased. 

, This means that .the value has st/yed the same. 

C * 

• Exampl e : . 

. , . ) 
Voltage Current ^ Resistance 

In this case. If the pressure (voltage) Increased and the current stayed 
the same, the resistance must have Increased to keep the current the same,. 

Below 1s the rest of the chart. Some of the problems are done for you. Check 
them over, then complete the chart. 



2. 
3. 
4. 

r 

5. 
6. 



Voltage Current Resistance 

0 .■ © . ■ ® 

. ® ■ ■ e- ■ ® 

O ■ ■®- , . 0 

0 ■ - ® , --.O 

© o . ® ■ 



Answers; 4 (jj) 5'. (T) 6.(7) 




/ 



^ SMALL DIAMETER 
HK3H PRESSURE 




DELIVERY 




3 AMPS 



AMMETER 
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LARGE DIAMETER 
LOW PRESSURE 




-DELIVEf-^V 




A) .6 AMPS 



h 
2. 

3, 
4. 
5. 
6. 
7. 
8. 



Both circuits in A and B have the same energy output (power output). ' 

The circuit in B wiKl operate only^half as long as circuit A will. Energy 
reserve In circuit ANjs twice that of circuit B. 

Circuit A has more energy reserve than circuit B. 

There is less resistance in circuit 8 than in circuit A., 

There Is more current flow in circuit B than in circuit A., 

The applied voltage is higher In c1rc,Mit A than in circuit B. 

The amount of current flow Increases as the resistance increases. 

The current flow increases as the resistance decreases. 



20 



84 



tL-Bh-Ob 

Basics of Direct Current 



Final Test 



1. Polarity is represented by 




a. the method of connection. * 

b. the shape of terminal or markings of + or -I 

c. color code, 

d. .numbers. 



2. The ion producer of a battery is 

a. a coil of wire. 

b. a liquid. 

,C. a tungsten electrode, 
d. a chemical mtxi ' *k 

3. Voltage bf a flashlight battery is 



I 



b. 
c. 
d. 



3 volts. 
1 volt. 
1.5 volts. 
2.5 volts. 




4. The amount of electrons that equals one coulomb is 



a. 
b. 
c. 
d. 



one billion. 
6.28 X 10, 
6.28 X 10.18 



3.14 X 10 



18 



5. One |mpere of current is equal to 

a. one ohm per volt 

b. one coulomb per second 

c. one joule per second 

d. one volt per coulomb 



passing one point. 



6. Electrical factor of voltage is explained as 

a. the flow of electrons* 

b. the resistance to electron flow... 

c. the force or pressure.. i 

d. the power squared. . 

') 

7. If the vol tmeter is connected in reverse, 

a. the reading will be in ohms. 

b. the meter pointer will go down off-scale. 

c. the reading must be inverted to be correct, 

d. no damage will result. 
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8. A symbol for current is 

b. R . 

c. P . 

d. H 

9. The four factor's that determine resistance are 



a 

b. 
c. 
d. 



he fo 

. 1 



10. In the wire-size numbering system 

a. the larger the wire diameter, the larger the number. 

b. the smaller the number, the longer the wire. 

c. the smaller the wire diameter, the smaller the number. 

d. the larger the diameter of the wire, the smaller, the number. 

11. Tf>e unit of measure of electric power is the 

a. watt. • 

b. ampere. ' ' ^ 
mK^ c. ohm. 

d. coulomb. ^ 

12. The ohm is the unit of measure of 

a. battery voltage, 
, b. resistance. 

c. ^^.ampere&.*._ _ 

d. power. 
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Final Evaluation 



The Final Test score most be 90% or better. 



OK Re-Do 

Task Sheet Score ^ 



Pinal Test Score 



When all checks indicate 0K» proceed to the next learning package, 
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Answers 



Answers to the Self-Test 



^ 1. 

2* 

3. 
F4. 

5. 

6; 

. 7: 



c 
c 
d 
c 
d 
c 
c 



8. d . ^ 

9. (in any order) material, temperature, length* crossr-sectlon area. 

10. a ^ / ' 

11. ' d . ^ ■ • 
.)2. b • , , 



I 



/ ^ 
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Goal: 



The upprcnt ice will bo able lo- 
roijd r ircuiL . drawings and diagrans, 



\ 



Performance Indicators: 



1 . Read schematic diagrans of 
electrical circuits. 

w 

2. Read pictorial dia5j|ams of 
electrical circuits: ' 

3. Read diagrams qf parallel 
circuitwS. , 

A. Read diagr&ms of si,eries 
circuits. 
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Ok)jecti ves 

Given: . 

Schematic or. ci rcyit diagrams of series 
and parallel circuits ' s 

A series clrcdVt with a missing or 
disconnected wire 



A parallel clrculji; where one component 
,h*s been removed 



|our questions on circuits 

pirections 

J 

Qbtain the following: 
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The student will : ■ 

Connect the components together 
according to the diagrami 

Determine whether or not the 
current Is lost in each clf the 
components. 



Determine whether or not !the 
current Is lost In each of the 
other components. 



Answer each question correctly.] 

i 



1 each ft2 ohm, 1/2 w^tt resistor 

2 each Type #680 pilot lamp (or equivalent) 

1 each DC Voltage Source 5V' or 0-15V minimum adjustable 
Interconnecting wires or leijds 



j 



Learning Activities 

. .' study Key Words list. 

^ Read information Sheets. 

Do the Self-Test. . 
. Do Tasks. 
■• • Do the Final Test; • 

.. Obtain Final Evaluation. 
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. . ^ i ' * Introduction to Xi rcui ts 

Key Words 

Circuit : A group of •electrical components and Interconnections arranged to 
perform some useful function. ' . , 

Circuit diagram ; The same as a schematic diagram. (See below.) 

Electrical components : The parts of devices that make up electrical circuits. 

■I 

Parallel connection : Two or more components connected together such that each 
component is connected between or across the same two points in the circuit. 

Pictorial diagram : A drawing of how electrical components are interconnected 
showing actual pictures or sketches of the components in the correct locations 
for assembly. ". 

Series connection : Two or more components connected end to end so. that only 
^ one end of any component connects to any other component. 

Schematic diagram (schematic) : A drawing of how electrical components are 
interconnected using symbols to represent the components. 

Voltage drop ; The voltage across an electrical component (other than a source) 
caused by a current flowing in it. - 
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Information Sheet r 

You should now fiave enough information on voltage sources and resistors to 
connect them together and make a complete circuit. Before you get too involved, 
however, you should learn some names for the types of circuits you will see and 
how they will be drawn on paper. 

A schematic diagram or schematic, for short, is a drawing of .electrical compon- 
ents and their interconnections to form a cirquit. Symbols are used for the 
components, and lines ar*e used for the interconnecting, wi res. A schematic may 
also be called a ci rciiit^ diagram. A pictorial diagram is a drawing containing 
actual sketches of the compionents instead of symbols. These diagrams are used 
by assembly people to construct electronic equipment. They show evecy detail 
in the construction including position and location of components and Inter- 
connecting wires, * 



/2V ~ 



R 

150-^ 
2W 



50 
5W 



AAA 



R3 270-^ 
IW 



I/2W 



Schematic or Ci rcuit Diagram 




Pictorial Diagram 



A schematic or circuit diagram is used by technicians and engineers to see how 
the components are interconnected. The schematic gives enouah Information to 
allow the experienced person to cdlculd4:e carrents and voltages that will be 
measured when the complete circuit is energized. In thecircuits you will be 
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constructing, the details of -a pictorial diagram wi 1 1 not be important and - 
only schematics or circuit diagrams will be used. ' 

There are two differ'ent ways to interconnect two components, series or parallel'. 
If only one end of each component is connected together, they are connected, in 
series. The interconnecting, wi re is usually not drawn so that the ends are 
just shown touching each -other. 



Schematic or Circuit Diagram 
of Two Series Resistors 



Pictorial^ Diagram of Two 
Series Resistors 



(NTER00NNECTIN6 WIRE 



or 











i 


Li. 



t 

If*the components are connected between or acr^oss the same two potnts, they are 
in paral lei . 



Schematic or Circuit Diagram 9 
of Two Parallel Resistors . 




AAA 



AAA 



AAA- 



Pictorial Diagram of, Two 
Parallel Resistors 



In order to power the circuit, a voltage source must be added* This will cause 
current to flow. In a series circuit the voltage source is connected end to 
end as the resistors are. The series circuit can have many more components, but 
they will all be connected end to end in the s'ame way. , 

In the package called Basics of Direct Current, you w^re introduced to an 
analogy between electrical current and water flow thrbpgh a pipe. The same 
analogy should be helpful to you ifi understanding the ideas of current flow and 
voltage drops in simple series and parallel circuits* A water flow analogy pf 
a series, circuit is given first. 




^ ' -Introduction to Cir-cuiXs' 



P RESSURE ^ 



WATER 
PUMP 



RESISTANCE TO FU31A/ 

L£)5S OF pressure:" 




ELECTRICAL RESISTANCE, 
\/OLTAGE DROP • 

AA/^ 



WATER TANK 



ELKTRICAL 
RESISTA-NCE, 
VOLTAGE DROP 



.1 



I is electrical current. 
E is source of'voltage. 

The w^ter pump is the source of water pressure and represents the source of ^ 
voltage. The flow rate (amount of water .flowing per second) represents the 
electrical current. The narrowing of the pipe resists the flow^of water and 
reffresents electrical resistance. ' " 

In the water system tor a given pump 'pressure, the more resistance that there 
Is to the flovy of water, the less the flow rate wil.l be. 

Likewise in the electrical circuit, the more resistance in the circuit', the 
less will be .the current for a given voltage of the source. 

In the water system,, the water is flowing at the same flow rate anywhere in the' 
system. If it is two gallons per second coming from the ^ump, then it is two ^ 
gallons per second anywhere in the pipe or in the return- path through the water 
tank. ' . * 

In the electrical circuA, the current is the same everywhere in the circuit. • 
If it is one ampere out of the voltage, source, it will be one ampere in each • 
res'i stance and in all the interconnecting" wires.- Remember that one ampere is 
one coulomb per second which also equals 6,280,000,000 b.illion electron's p^r 
second. - 

The wat^r pressure is less in the'narrower pipes. In the narrower pipes a ^ ^ 
.lesser amount of water has to flow at a greater speed to maintain the same flow 
/ate. ■ . , *■ ' L 

The' voltage Is less after passing each resistor irt the elettrical cfrQuit. The 
current or rate of electf*on flow or the ^coulombs' per second stays the' same.' ' 
Just as there Is a loss of pre'ssure at each narrowing of the pipe, there ts a 
voltage loss across e^h resistor ir\ the electrical circolt. 

In a parallel electrical circi/lf the vol.tage source is connec):ed In parallel, 
that Is, across the same Wo points. A water tlow analogy of a parallel 
circujU is given next, > 
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MORE FLOW 




LESS FLOW 





WATER PUMP 













LOWER RESISTANCE 
MORE CURRENT . 
-A/y^ — 



E VOLTS 

BETWEEN 

POINTS 



V\A 

HIGHER RE5/ST/ANCE 
„ LESS CURRENT 

^ 1 



Notice that, just as thewater dlvidn^ into separate paths irt the water pipes. 



the electrical current divides, into separate paths in the parallel resistors. 

The amo/unt of water in each of the s'eparate paths adds up tO' the total water 
entering or leaving. Less water flows into the narrower pipe; it has more 
resistance- to the flow. Likewise the electrical current in each of the paral- 
lel resistors adds up to the total current entering or leaving the parallel 
circuit. Less current flows in the path with the largest ^esistance. Since 
each resistor is connected between the same two points, the voltage is the same 
across each resistor. The voltage, source is also connected betv^een those two 
pojjats, so ttie resistors and the source all have the voltage of the source 
'across them. 

A series circuit or a parallel circuit may be. drawn in different ways^on a • 
schematic or circuit diagram but still be the same circuit. The following 
circuit diagrams of different ways of drawing the same series circuit and 
different ways of drawiag the same parallel circuit show this. 

Notice that the direction of each current is determined by the polarity of the 
source. ' . 

Notice that the end of the resistor where the current enters ill ways h^s a 
negative polarity with respect to the other end. 






Different Ways to Draw the Same Series Circuit 
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Different Ways to Draw the Same Parallel Circuit 
indicates where wires cross but do not touch (are not attached) 



The dots indicate locations where the current can divide or separate into the 
, different paths and are usually shown only when more than two connections are 
made at the same place. 

Later on you will learn that you can make olher cirfui,ts that are combinations 
of series and parallel circuits. Th^se more complicated circuits will not be 
explained now. In a series circuit if o'nly one interconnecting wire is. broken 
or removed, the current will 'go to zero in al 1 ofJthe components in th"e circuit. 
An example of this is a series string of Christmas-tree lights. /If one light 
burns out-, all of the lights-will go out. this is because,,. wh€n" a light burns 
out, the electrical path through all the lights is broken. This is like a 
water pipe that is plugged up so that water cannot pass through. The flow will 
stop throughout the pipe. In a series electrical circuit when a wire is broken 
or removed, the electron flow or current is interrupted and current is stopped 
everywhere in the circuit. 



J- — »^^^ AAA" 



NO CURRENT 

X — ^AA— 

CDNNEaiON BROKEN 




SERIES CIRCUIT 




In d parallel circuit, however, if one of the components other than the source 
is opened or removed, the same current will still flow in the others. The 
total current coming from the source will change, however. An example of this 
is d parallel string of Christmas tree lights. If one light burns out, the 
others will remain lighted. Another example is your' household wiring. Each 
olitlet- is in parallel, and when a light burns out In your house, the others 
stay 1 ighted. . 
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Introduction to Circuits 



CURRENT SAME : 

"AS berdrTA connection broken 

' NO 

CURRtNl 



PARALLEe CIRCUIT 




r 



Using the water analogy, if one pipe in a parallel branch of pipes is plugged, the 
other pipes will still carry the same water flow. The total flow will be less, 
however. » . • 



ft. 
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tL-BE-11 

Introduction to Circuits 



that uses symbols to represent electrical compbnfents is 



Self-Test 

1. A circuit drawing 

cal led a . 

\ „ -J 

a. pictorial diagram. 

b. schematic drawing. . ' 

c. resistor drawing. 

d. photograph. ' , • 

2. Components in series have the same 
d. current. 

b. color. ^ ^ • 

c. voltage. 
. d. size. 

3. Components in parallel have the same 

a* current. ^ • 

b. color. 

c. voltage. 

d. size. 

4. In a series circuity if a connection is broken, th^ current in each 
component " 

a. increases. 

b. stays the same. ' . , . - 

c. is di fferent. * ^ 
, d. goes to zero. 

5. In a parallel circuit, if only one resistor is removed , the currents in 
the others , ^' 

d. stay the same. *" 

b. go to zero. 

c. increase. 

e. are' removed. " • • • 



\ 
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Introduction to C1 rcuits 



Task A 



Series Circuits 



Use the 15 volt source. or set the adjustable source to J5V. Have your 
.instructor, check that the- vol tage *1^s correct, ' 

Connect the resistor and pilot Tamps in series as shown on the schematic using 

the interconnecting leads. Have your instructor check yaur connections. 

■■■ ( 



r 




INCANDESCE!^ 
UMP,5YMB0L 

«-680 



Connect the voltSige source and notice that both lamps are lighted. Have your 
instructor- check that your connections are. correct and; that the lamps are ■ 
working . properly . i '\ ,■; 



■Remove any one interconnecting wire and notice that both lamps go out. .This 
indicates that the current was lost in- al 1 parvts of the circuit. 



4 
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Task B Parallel Circuit 



Use the ^ volt source or lower the adjustable source to '5V, Have your instructor 
check that the source, you are now usih^ is 5 voU^. . 

Connect the resistor and pilot lamps in parallel according to the schematic. 
Notice that'both 1 amps are 1 ighted when the. source is attached. 




^680 



Hav'e your instructor check your connections and that the lamps are working 
properly. Remove one of the lamps from the circuit leaving both ends of the. 
resis'tor and the other lamp still connected to the source. 

Notice that the remaijiing lamp is sttll lighted. This indicates that the 
current was lost only in the lamp that was removed and not in any other parts ot 
the parallel circuit. ^ 
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Introduction to Circuits 

Final Test 

l. Components connected such that the same current flows in aH of the compon- 
ents are connected in . . , 



2. Components connectd such that the same voltage is across each of the 
components are connected in . 



3. In d series, if a connection ^between two components is broken, the 
) goes to zero in every compone,nt in the circuft. 

4. In a paraUel circuit, if one off the resistances is removed, the currents 
in each of the other resistances . . 




' ' ^ r . . EL-BElll 

Introduction to Circuits 

Final Evaluation 

OK Re-Do 

Task A . ^ . 
Circuit is wired according to the circuit diagram' 

Task B . ' ' ~ ' ~ 

* 

Circuit is wired according to the circuit diagram 

I' 

Final Test questior\s answered correctly 




Answers 

Sel f-Test ' -.^ 

1. (b) schematic diagram 

2. (a) current 

3. . (c) volta'ge 

4., (d) :9oes to'zero 
5. (a) stays the same 
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READLNG SC.ALKS- 




Goal: 



The apprriirlce will br able to 
rocid scales of electrical 
;;u?a.surcr.ient instruments. / 



Performance Indicators: 



•1 . ^cnul voltmeter scale, 

2. Read ar.irreter scale. 

3. * Read ohnete,r scale* 



Reading Scales 
EL-BE-12 



Tfeet^Draft 
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Objectives 



Given: • 

Information sheets 



A vo It -ohm-mi 111 aitineter 



Directions 



^Obtain the following: 
VOM 



Learning Activities 



• ReHU>9 Scales 



TKe student wlllf 



Correctly record measured value, 
Indicated by drawing of each, scale. 

Correctly Identify what number scale 
should be used with each setting of 
the range Switch, 



Read Information Sheets. 
Do Self -Tests. 
Do Final Test. 
Do Task. 

Obtain Finat Evaluation. 
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Information Sheet No. 1 



. EL-BE-12. 
Readiag Scales 



* ■ ■ 

The ability to rfiad meters properly Is very Important to the electronic techni- 
cian.' Much time can be lo!>t by hot using the met«r or by Inaccurate readings. 

Although reading scales Is not difficult, It Is viery easy to make a "\n1 stake. 
• - k t 

IScales you are already u^d to reading are rulers, clocks, and automobile 
speedometers. Meters are'used to measure voltage (volts), current (amperes), 
and resistance (ohms). A "^needle" or "po1nte# moves to s position over the ^ 
markfngs on^the meter f^ce to 'Indicate the iHn|unt of current flowing through 
the meter. 

The markings on a .meter 'face are similar to thfe markings on the face of a 
'clock. 





Figure 1-A 



Figure 1-B 



In Figure lA, If the minute hand is removed from the clock, we would estimate 
the time as being 4:30 because the hour hand is halfway between 4 and 5. 

In Figure IB the meter needle is pointing hAfway between the five and the next 
lower mark on the face of the meter. By counting the equally spaced marks we 
can assume that the reading would be 4.5 volts. It would be volts because the 
name on the meter indicates this. 
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ft 

Usinq ihis reasoning, determine the voltages indicated when the meter needle 
points to the following points. ^ ^ 




Figure 2 



In Figure 2, we find that pointer A is two equally-spaced marks to .the left 
of the 5 volt mark. Since there are ten marks between the zero and ten, each 
mark equals 1 volt. Counting from the 5 volt mark to the left, we see that 
the first twa marks represent the pointer positions for 4 ^J^lts and 3 volts. 
Therefore, pointer A reads 3 volts. » Pointer B, however, is between the 4 and 
5 volt marks.' By estimating, we can see that it is about-^1/4 of a division 
greater than 4 volts. This voltage ^an be estimated as 4.25 volts. Pointer C 
is half a division above 7 volts or at 7.5 or 7 1/2 volts. Pointer D is at 
the ninth division and indicates 9 volts. • 




vorfe 

Figure 3 



On the meter face in Figure 3, we see small marks between the larger marks^ 
The small marks now indicate the half-volt graduations- so we no longer have to 
guess where they are. The needle now indicates 6.5 volts. 



Ill 

5 
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^ ■ ■ - Reading Scales 

Self-Test No. 1 C . 




4 



Information Sheet No, 2 



EL-BE-l? 
Reading Scales* 



Check' your answers and make sure you u-nderstancl before you proceed. ViOMs or 
other multifunction meters have a range switch that extends the operatKng r-ange 
of the-meter. Without the range switch this voltmeter has only a 0-lOV range. „ 
A range switch might look like Figure 4. 



(B) lOOV 



(A) 
lOV 




(C) 
lOOOV 



Figure 4 



We now have two new ranges, B and C. With the range switch at B (lOOV) the 
meter will have a full-scale reading of 100 volts so we multiply all of our 
readings by 10; the pfclnter In Figure 3 would now be Indicating 65 volts. 
If we switched to the lOOOV range (C), the reading would Indicate 650 volts 
(multiply the reading by 100). The range switch Indicates the full scale 
range or maximum reading of the meter. Current or ampere ranges follow this 
same ruje on ammeters. 



Range = 



' 10' 
A » 2.6V 
B ='4.6V 
C = 7 V 
D" = 9.3V 



100 

» 26V 
B - 46V 
C » 70V 
D = 93V 



1000 
A » 260V 
B - 460V 
C « 700V 
D = 930V 
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Self-Test No.* 2 

« 

Assume the range switch Is set as Indicated for each meter. ^ 
Tell the readings 
for -each needle^ 

y 
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1* Range 100 
a. 

" b. * 

c. ^ 

d. " 



2. Range 1000 
a. 

c. 
d. 



3. Range 10 

a. 

b. 

c. 

d. 



4. Range 100 



a. 

b-! 

c. ' 

d. " 



5. Range 1000 

a. 

b. 
c, 
d. 



6. Range 100 

a. 

b. 

c. 

d. 



Information Sheet No. 3 



El:-BE-12 
Reading^ Scales 



Other types of scales may elso be printed on the face of the meter such as 
resistance or ohms (ft) scale. Voltage or current meters draw the power to 
operate themselves from the circuit from which they are connected/ However, 
the ohmmeter has *n Internal battery to provide current for operation; 

I ■■ ■ 




' Figure 5 . /• 

A typical ohmmeter scale would look like Figure 5, You will notice ,that the 
distance between 1 and 2 Is not the same as the distance between 4 and 5, 
Because of this, we say that scale Is nonlinear. The scale in Figure 3 is 
linear because there Is equal spacing between numbers. In Figure 5 the 
ohmmeter^^needle Is Indicating 4.5 ohms of resistance. 
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Information Sheet No. 4 



xl 



xlO 




/ 

xlOOk 
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Figure 6 



An ohms rangfe switch might look like pfgure 6, 




Figure 7 



These positions mean that any reading made on the scale should be multiplied by 
the number of times Indicated by the range switch, (xl - times 1) (.xlO » times 
10; whatever the meter reads times 1, 10. 1000. or 100.000. etc.) 

Our former reading of 4,5 ohms (Figure 5). would have been 4,500 ohms if the 
s'witch had been placed as, showh above in Figure 6. 

Remember k = thousand, so Ik is 1000. 
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Self-Test No. i4 
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Information Sheet No. 5 . 



Some range switches may also indicate. function (DC volts, AC volts, resistance, » 
etc.)* Multimeters have more than* one function. Vblt-ohm-mil liammetets '(VOMS) 
have three basic functions: the measurement of voltage and current (AC or DC) 
and resistance. Some VOMs may not have a current function. Function may be 
determined by input plugs for the test leads or a switch. • " 

• ' ' ■ 

The first thing you must know when using a meter is, what you wish to measure. 
The function of the meter mu^t be set properly. Second, you must know where 
tlie range switch -is set, anti last, what the scale reads. ' • - 

Let's try lodking at a typical small meter scale all put together. Note the DC 
scale. The loweh side goes from 0-0.5 and the upper side goes from 0 to 15. * 
Your range swjtch will tell you which side to read. The A€ scale also has a 
lower arid upper side marked. Note that the R scale has only an upper side 
marked. 




Based on function and range, this reading could mean many things. If the 
function were DC' volts (DCV): 
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•* To obtain reading: 



RANGE 
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0^5 = 0.17V 



Multiply l|jrange reading by .1 • 
Multiply .5 range reading by 10^ 

•Multiply .5 range reading by 100 
Multiply 1.5 range -reading by 100 
•Multiply .5 range reading by 10^ 

If^he function were resistarKe (R): 

i 




1.5> 
. 5 
15 
50 
150 
500 

R X 1 
R X 10 
R x lOO 
R X Ik 
R X lOk 



5V 
1. 7V 



5 

.17 
50 
170 

45" 
450 " 
4.5k 

45k " 
450k n 



V 
V 
V 
V 





Reading Scales 

Self-Test No. 6 

Read the following meters according to the function apd range indicated: 



1. Function DCV 
Range 15 
Readifvg 




2, Function R 
Range RxT" 
Reading 



3, Function ACV 
Range SOiP" 
Reading 




4. Function DCV 

Range _5 

Reading 




6. Function DCV 
Range I^IT"^ 
Reading 



.15 121 






4 \ 
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7. Functton JR 
Rangft RXlW 
Reading 
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Final Test 



' I. Function _R 
Range XI 
Reading 



Range XlTT 



Reading 



3. 



Function R 
Range XlW 
Reading 
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4. Function • DCV 
Range 15 
Reading 



5. Function DCV 
R'ange 5 



Reading 



6. Function DCV 
Range 15 ' 
Reading 
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7. Function JR^ 
Range XI 



Reading 



8. Function R 



Reading 



9. Function ACV 



Range bOO 
Reading 



10. Function R 
Range XlTT 



Reading <« 



11, 



Function R 
Range Xl^ 
Reading 



12. Function DCV 
Range 50 
Reading 



EL-BF-l,? 
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Task 



4. 



EL-BE-12 
Heading. Scales 



There are a number of different brands and models of VOMS. Many of them have 
different scales and ranges. To become familiar with your meter you should 
look over the scales, ranges", and function selection. 

Obtain the following: 

VOM , 

Step I 

Study the four top scales on the meter. Wr1te*1n the space below the set of 
numbers that Indicates the full scale reading for each range. 

ohrtis seal e ■ 

vol tage or current 

voltage or current 

0 to voltage or current 

Notice how this meter uses a switch or test-lead jacks for different ranges 
and ^different functions. The functions, which are explained In more detail 
In the following package, are usually divfded into the following areas: 

DCV* - used to measure DC voltage 

ACV - used to measure AC voltage 

^ - used to measure 'resistance / 

DCmA - used to measure current 

Within each function will be several ranges beginning with very Jow values 
an^ ending at very high values. 

Step li^ 

List the number of ranges for each function from your meter. 



DCV 


ACV 


' DCmA 


■ 1,11. ft 1 

n 


0 to 




0 to 


0 to 


R 


x 




0 to 


0 to * ' 


0 to 


R 


X 




0 to 


0 to 


0 to , ! 

. : ^ 


R 


X 




0 to 


1 

1 

■ I.I 1 


0 to"* 


0 to 


R 


X 








0b. 


f 
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0 to 
0 to 
0 to 
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Step UI , 

Complete the chart below by listing the range for every function, the number 
you would use on each range and how you would modify the number to fit each 
range so that the number would Indicate the correct value of measurement. 

Example: Say your meter has a scale of 15 on DC volts, and your range was - 
set to 150, you would fill out the chart like this: 



FUNCTION 


RANGES « 


mm iCAU Wb 


■iyj»}M?iimfpiiKinriidi»iMtVM 


DC Volts 


150 V 


0 to 15 


10 




FUNCTION 


KMIiut o 




EACH NUMBER IS MULTIPLIEI^BY 


Ohms 


R X 


0 to 


4 


R X 


0 to 


R X 


O.to 


K X 








DC Volts 

1 


V 


0 to 


i' 


V 


0 to 


V 


0 to 


V 


0 to 






AC Volts 

1 
J 

• 


V 


0 to 




V 


b to 




0 to 


^ — : 


0 to 






DCmA 


mA 


0 to 


• 


mA 


0 to 


mA 


O'to 


mA 


0 to 









^ step IV 

Get your Instructor's evaluation of this task. 
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Pinal Evaluation 



OK RE-DO 



Chart filled In correctly. 



/ 
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Answers 

Your answers may not be Identical to these 
range they will be considered correct. 



Answers 


to Self-Test 


#1 






1. a. 


.2 V 


4. 


a. 


2 V 


b. 


4.5 V . 




b. 


4 V 


c. 


7 V 




c. 


7.5 V 


d. 


10 V 




d. 


8.5 V 


2. a. 


1.5 V 


5. 


a. 


.25 V 


b. . 


3.75 V « 




b. 


1.75 V 


c. 


7 V 




c. 


4.25 V 




y V 




d. 


7.75 V 




• 5 V 


c 

0. 


a. 


4 V 




3.35 V 




b. 


5 V 


c. 


7.25 V 




c. 


6.5 V 


d. 


9.5. V 




d. 


9.75 V 


Answers 


to Self-Test 


#3 






1. a. 


.150 n 


4. 


a. 


250 ft 


b. 


14 n 




b. 


17 ft 


c. 


5.5 n 




c. 


2.21 n 


d. 


1.19 n 




d. 


.39 ft 


2. a. 


30 n 


5. 


a. 


53 ft 


b. 


7.8 n 


b. 


11.7 n 


c. 


2.65 n 




c. 


4.75 n 


d. 


.75 n 




d. 


1.9 n 


3. a. 


no.i n 


6. 


a. 


22,5 ft 


b. 


4.5 ft 




b. 


4.25 ft 


c. 


1.6 « 




c. 


1.24 ft 


• d. 


.3 ft 




d. 


.145 ft 



Answers to Self-T6st #5 



1. 


8 V 


2. 


1.5 ft 


3. 


'135 V 


4. 


.6 V 


5. 


32.5 k ft 


6. 


90 V ' 


7. 


4450 ft 


8. 


3.5 ft 


' 9. 


23.5 V 


•10. 


18.5 VA, 


ir. 


350 V 


12. 


1.05 V 
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» but 1»f they are within a 5 percent 



Answers to Self-Test #2 



1. a. 


15 V 


4. 


a. 


7.5 V 


b. 


30 V 




b. 


37.5 V 


c. 


45 V 




c. 


53.5 V 


d. 


80 V 




d. 


75 V 


2. a. 


200 V 


5. 


a. 


200 


b. 


350 V 




b. 


350 V 


c. 


600 V 




c. 


650 V 


d. 


850 V 




• 

d. 


875 V 


3. a. 


2.5 V 




a. 


15 V 


b. 


4.5 V 




b. 


41 V 


c. 


7 V 




c. 


68.5 V 


d. 


9 V 




d. 


94.5 V 


Answers 


to* Self-Test 


#4 






1. a. 


45 ft 


4. 


a. 


22.5 ft 


b. 


12 ft 




b. 


7 k ft 


Ck 


3.8 ft 




c. 


1.8 k ft 


d. 


1.6 ft 




d. 


.4 k ft 


2. a. 


3500 ft 


5. 


a. 


750. k ft 


b. 


1500 ft " 




b. 


190 k ft 


C. 


360 ft ' 




c. 


60 k ft 


d. 


425 ft 




d. 


8.25 k ft 


3. ft- 


275 ft 


6. 


a. 


1900 k ft 


b. 


74 n 




b. 


1150 k ft 


c. 


21.8 ft 




c. 


700 k ft 


d. 


3 ft 




d. 


360 k ft 
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Goal: 
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Tile . apprentice will be able to 
use a VOM for electrical 
measurei:ient • 



Performance Indicators: 

1. Identify parts of a, VOM and 
their functions. " 

\ , " ' 

2. Measure voltage with VOM. 

3. Measure resistance with VOM. 
\ 4. Mei'jsure current with VOM, 
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EL-BE-13 
Using a VOM 

Objectives 

Given: The Student will: 

Information Sheets. Answer 6 test questions on th§ .basic 

parts of the meter. 

A VOM, complete with resistors 

and a' power source. . Complete a Tasl< for measuring DC voltage. 

Complete a Task for measuring AC voltage. 
* Complete a Task for measuring resistance. 

^^^'^^^^^ Complete a Task for measuring current. 

■ ' V ; ' • " 

' ... « 

, . / 

Directions 

Obtain the following: 
,VOM. 

A resistor assortment. 

A voltage source (this unit has been .preassembled by your instructor). 



Learnihg Activities ^ 

' Read the Kiey Words list. * . 

Read the general description of the VOM in the Irvformation Sheets. 

____ Complete the Self -Test on the basics of the VOM. ' 



Complete ii Task on measuring DC voltage. / . 
Complete a Task on 'measuring AC voltage. 
Complete a Task on measuring resistance. 
Complete a Task o/i measuring current. 

♦ 

Obtain Final Evaluation* , < 

■ . 3 
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Key Words 



VOM ; Abbreviation for voU-ohm-mlll lanmeter. A meter than can measure volt- 
age , current , and reslstanc^. . 

Polarity Switch : A switch irtvlph^Jj^lects +DC or -DC depending on whether you 
are measuring positive or negattj^ voltage. The + Indicattes a positive voltage 
and the- indicates a negative voltage. ^ 

Function-Range Switch : A switch which selects the function of current, voltage, 
or resistance and the maximum amount to be measurjed. 

Ohm's~or Zero-Adjust : A (cnqb used, to adjust the meter when measuring resistance. 
Since the battery Inside your meter supplies power to the circuit when you are 
measuring resistance, adjustments have to be made for the various cd^ditions of 
the battery. 

Input Jacks ; The ^pl ace where the test leads are inserted—the red lead going 
into the V-n-A jack and the blatk lead going into the "common" jack. 

V ' 

Meter Scales ; The. lines marked with small divisions that show the amount 
measured. J. ruler is a type of scale used to measure distance. A meter scale^ 
is a type of scale used to measure voltage, current, or resistance. 

Test Leads ; The wires that are used to connect different parts of a circuit to 
the meter.to make a measurement. 



V 
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Information Sheet No. 1 

J" 

General description of^the volt-ohm-mll 1 1 ammeter. Commercial modeW If the 
volt-ohm-milliammeter (VOM) multimeter are able to measure direct Jft/alter- 
natlng voltages, direct current, and resistance. Additional functions are 
sometimes Included. A wide variety of models are available. f 



POLARITY 
SWITCH 




V 



RANGE SWITCH 
AND, FUNCTION 



M'S 
ZERO 

ADJUSTMENT 



INPUT 
JACKS 
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Most VOMS have several features in common. They are the following: 

1. ^ Polarity Switch selects +DC» -DC or AC depending on what it is you are 
going to measure. (See drawing for a typical example.) 




2- Function-Range Switch selects the function (current, voltage, or resU- 
tance) and the range to be measured (100 mA or 10 mA, etc.). Only one of 
the ranges can be selected at one time. 

3. Ohms Adjust (sometimes called zero ohms) is a variable resistance in the 
ohmmeter circuit. It is used to adjust the meter when measuring ohms to 
allow for changes in the voltage of the Internal batteries. It is adjusted 
with the range switch on any resistance range so that the needle points to 
zero on the ohms scale (usually on the right side) when the leads are 
touched (shorted) together. The meter is adjusted to zero because at this, 
time there is no resistance between the leads of the meter. This adjust- 
, ment must usually be made whenever the resistance range is changed. 




i 
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^» Input Jacks are the places on the meter where the. tes*^ leads are connected. 

Tijey are all clearly labeled, and if, there is any question as their usage, 

jConsult the Operator's Manual for specific information. Most measurements 

I are made by using the + and - (common) jacks. 

5» Meter Scales are like a curved ruler and are marked with small divisions 
from which values may be read. i 

I 

6. Test L^ads are the wires that are used to connect the meter to the Circuit 
under test. *The red lead is considered positive and the black lead is 
negative (-)*or common. Connectiiig these leads correctly is called observ- 
ing correct pof^arity. Incorrect pojarlty in DC circuits will cause the 
needle to deflect or move backwards , ^iTnd damage could result. In AC 
, circuits, polarity is not Important. ' » 

All VOMS have one thing in common: they have a very sensitive meter movement. 
The meter's range and function are changed to measure various voltages and 
currents. 
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Self-Test . / 

General description of the volt-ohm-nill 11 ammeter 
(Select from answers at bottom of page.) 

1. Polarity Switch ^ ^ . 

2. Functlon-Ranqe SWItch 

3. Ohms Adjust ■ 

4. Input Jacks 



/ 



5. Meter Scales 

6. Test Leads 



a* Used to adjust- the raeteir-.wheii-JnfiASU.rl/»3^ Jifims, 



I 



b. Wires that are used to connect the meter the clrcuItT 

c. Selects +0C» -DC, depending on what you are going to measure. 

d. Marked with small divisions from which values may be read. • 

e. Selects voltage, current, or resistance and the maximum amount to be 
measured. - 

f. Places on the meter where the test leads are connected. 



J 
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Information Sheet No. 2 

General procedure for using a VOM to measure voltage 

The following is an outline of the basic parts of the' meter used to measure DC 
voltages and the general procedure for measuring voltage with a VOM or multi- 
meter. This wiM fit the most common types, of meters with few variations. 

1. Needle Adjustment ^ For the meter indications to be as accurate as pos- ' 
stble, the needle should rest directly over zero on the left side of the 
scale when the meter is disconnected. If the needle does not sit directly 
over zero on the left, it should be adjustedntnrly by someone who knows the 
proper method of setting the meter. 

2. Lead Placement Place the leads in the proper input jacks. The leads are 
connected red to positive (+), and the black to negative (-) or common. 

3. Polarity Swftch If your meter is equipped with a polarity switch, turn it 
to the position that represents the type of voltage you are measuring (AC 
or DC). If the voltage under measure is DC, have the switch on DC+ for 

.measurements. The DC- is used only in special cases such as when you are 

measuring negative DC voltages. On meters that have "AC volts" and "OC 
volts" included on the range switch, be sure to select the correct ranges as 
well as the type of voltage. 

4. Function-Rgnge Switch Turn this switch to the highest voltage range. This 
step should be done when-measuring any voltages unless ytw are definitely 
sure that the voltage will not exceed th^ range voltage. 

i> 

5. Connecting the Meter Always turn off the power when making a connection to 
provide for personal safety. The leads are connected across (in parallel 
with) the part of the circuit under test. In DC measurements ,*you corinect 
the black lead to the most negative point of the circuit and the red lead 
to the most positive point. If you are unsure of the connection, consult 
your instructor. # * 

6. Circuit On if the voltage reading is within a lower range (in the lower 
^ 1/4 of the scale), turn the range switch down until tte needle moves above 

the 1/4 scale mark. Be careful jiot to turn down more than one range step 
at a time. 

7. After the reading has been made, turn the circuit off, remove the meter, 
and turn the meter to "OFF" or to the highest range to protect the meter. 
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IMP9RTANT 

General precautions should be followed with.the VOM as with any other meter. 
Some of these are as follows: 

When measuring voltage, the circuit is necessarily alive, so keep one hand 
In your pocket. This is a safety precaution. If you use two hands con- 
neiiting the meter to a circuit, you are placing yourself in parallel with 
' the circuit and may have a short circuit through your body. When electri- 
city passes through your heart. it can, and probably will, cause severe 
shock and possibly death. Do not be afraid of electricity; RESPECT IT! 

When measuring voltage, do not have the meter set to measure ohms or mi 11 lamps , 
as you will damage the meter ! ' 




i 

Task A 
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Equipment: 
Qne"^VOM 

One OC voltage source 
Procedure: 

1. Set meter function range switch for highest +DC volts range, and hook up 
test leads (red to plus and black to minus). Have Instructor check. 

2. Plug In your voltage source and locate the "common" and 30 VDC terminals, 

3. Connect your black lead to the "common" terminal and your red lead to the 
. "+" terminal. 

4. Does your meter needle move? If not, you may be on too high a range. 
Slowly switch the range switch to lower ranges onte at a time until your 
needle moves up to the center part of the scale. DO NOT GO OFF SCALE OR 
YOU MAY DAMAGE YOUR MET€R!! (When the needle starts to move up onto the 
scale, stop and read the value to make sure It does not exceed the range 
of the next lower range). USE THE SCALE THAT "FITS" YOUR RANGE SETTING. 

How much voltage did you measure? ■ 



If you measured about 30 volts DC, then continue on- and measure the 
remaining DC voltages as marked on the source*- Record your measurements 
in the chart below. 

TERMINAL VOLTAGE 'MEASURED VOLTAGE INSTRUCTOR'S OK 



30 VDC 



18 VDC 



12 VDC 



5 VDC 



5. Get your Instructor's evaluation. 

This may seem very easy to you, but It takes a lots of practice to make 
accurate voltage measurements, and many mistakes can be made - TAKE TIME 
and CARE. x 

\ . . • ■ 



/ • 
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Task B 



Equipment: 



One VOM . . » 

One AC voltage source * 

Procedure; ^ * 

1. Set meter function-range switch for highest AC range. Hook up test leads 
in proper Input jacks (have Instructor check). 

2. Plug in voltagfe source and locate the AC tehnlnals.. 

3. Connect test leads to AC terminals of your voltage source (on AC, 
polarity does not matter). 

* 

4* Observe scale and reduce ranges slowly one step at a time until the 
needle rest^ in the upper half of the scale. 

5. Record your reading and range for AC. 



RANGE 



VOLTAGE 



AC 



Have Instructor evaluate. 
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Information ShiBet No. 3 ^ ' 

General Procedures for using a VOM to measure resistance ' ^ 

The tollowlng Is an outline of the basic parts of Ae meter used to measure 
resistance. 

When measuF4ftg resistance with the VOM or multimeter, It Is necessary to follow 
certain general procedures. These are as follows: 

^* Lead Placement Place the leads Into the proper Input jacks. These will be 
the + (or V- U -A) and - jacks^ as used for most other measurements. 

2. Polarity Switch This switch Is placed In the 0C+ position, as thq meter' 
will not work properly when on AC or DC-. 

3. Meter Zero The meter must be set to zero to measure reslstahcV. Nearly 
all VOMs have the highest resistance where the smal lest: cyt rent flows. 
The highest resistance readings are, therefore, on. the left of the scale, 
and the VOM usually does not have an adju.stment for this side. The meter 
zero allows the operator to set the meter so most current Is flowing when 
the resistance Is zero. This adjustment Is made as/fol Vows: 

Step a: With the range switch on the resistance range desired, touch the 
two leads together (short c1rcu1t).V. 

ftep b: Move the zero adjustment so the ne6d.le points over the extreme 
right hand side to zero on the ohnis seal 

Step c: Disconnect the leads. Do not leave the leads shorted together , as 
thfs will run down the battery In thMeterl 

4» Function-Range Switch This switch may be; placed, Of\ any ra'hge desired for 
resistance measurements. The range switch selects the multiplier for the 
meter. To find the actual resistance of- the circuit , take the reading from 
the meter scale and multiply It by the number, on the range. Fpr example, 
If the reading on the VOM Is 2.2 and the ran ^e Is R x 100, the value would 
be 2.2 times 100, or 220.- ■ ' . 

5. Read the i|ieter scale and multiply by the number Indicated on the range 
setting, and record the value If necessary. (If a range setting-adjustment 
Is necessary for a good reading (In the center two-thirds of the scale), be 
ijure to check zero ohms again at the new range setting). 

6. ,When finished with the readings, turn the meter to the "OFF" position or to 
the highest voltage range to protect the meter. ' ' 

• • ; • 

I 

* t'* 

IP , • ■ 



\ 
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Task C 

One VOM 

One res.1s|or assortment fat /least 10 resistors) 
Procedure: 

' You are going to measure the resistance of some resistors that may ha\i'e a 
wide range of values. NOTE: All the ohms ranges go from zero to infinity 
( 00 ), There are two things to remember: 1) Your most accurate reading 
wilf be in the center two-thirds of the meter scale so you want to select 
the range that will g^lt you in that area if possible. 2) You must "?ero" 
your meter every time you change ranges. (See step 3). 

1. Insert test leads into proper inpu\* jacJcs. 

2. S6leet resistance range. 

3. Zero your meter on this range. 

A. Connect leads together (short). 

' B. Slowly turn "ohms adjust" knob until the needle is exactly over 
\ the zero of the ohms scale. If the nefedle won't go all the. way to 

zero on a certain range (usually a lower range) » have your 
instructor check it. You may need / new battery in your metej:^ 

4. Touch the test leads to each end of thk resistors and carefully read ; 
each value anid chart below. Also lis;t the colQC-cOde value for 
each. 



C01,0R~C0DED VALUE 



METEI^ READING 



ir instructor evalu^ate. 
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Information Sheet No. 4 

General Procedure for. Using a VOM to Measure Current 



fr 



The following Is an outline of the b^slc parts of the meter used to measure 
current. 

When measuring current with a VOM, It Is necessary t& follow certain general 
procedures. Typical procedures for measuring mllllamperes are as follows: 



1. 



. 2. 
3. 

4. 



Lead Placement Place the leads In the proper Input jacks. Usually the 
leads are connected to the + and - jacks, as before for mlll.lamps. Other 
jacks for amps or for microamps are available when reading these respec- 
tive values of current. 

Polarity Switch This switch Is to.be on DC+, as the VOMs do not usually 
measure AC current. 

Function-Range Switch Turn this switch to the highest range . This step 
should be done when measuring any current, unless you are aeflndtely sure 
that the current will be less than maximum for a lower range. 

Meter Connection To be measured, all. of the current that flows through 
the component must also go through the meter. To make this possible, It 
Is necessary to open the circuit and Insert the meter In series . Do no| 
connect as a voltmeter or ohmmeter or you will probab'ly damage the meter. 
Assume we have the circuit of Figure 1, and we wish to measure the^yjrrent 
at point B. ' 

t » 

^ A RESISTOR B * 
Js/sA • — • ' 

VaTAGE SOURCE 



- + 



n 



Figure 1 f 
Break the circuit at point B as shown Iti Figure 2 



A RESISTOR B 



VOLTAGE SOURCE 
- 4. 



\ 



Figure 2 
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Connect the meter as shown in Figure 3 with the negative lead toward the 
negative side of the circuit (point B, Tn this case) and the positive lead to 
the positive side of the circuit (shown as point C). 




f \AA 

RESie>TOR 



\mAQE 

SOURCE 



Figure 3 * 

Voltage On With the voltage turned on, the current Is flowing through the ^ 
circuit. If the needle does not go above one quarter of the scale, turn V 
the range switch down one range at a time until the needle moves into the 
middle or upper half of the scale. (Figure 4.) 




VOLTAGE 
SOURCE 



Figure 4 
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V 



Voltage Off Turn off the' voltage, remove the meter, and turn the meter 
"OFF" or to the highest jiwltage range to protect the VOM. Switching to the 
highest voltage range switches out the ohmmeter and the ammeter sections of 
,the VOM. Both, the ohmmeter and ammeter sections can he easily damaged by 
external voltages.- Only snitch to the ohmmeter or ammeter sections when 
"you need them. Otherwise switch to "OFF" or to a -high voltage range for 
protection of the meter. 



Since It is very easy to damage the meter when attempting to measure 
current, it is Important to use extreme caution when using the cur'rent 
function. Many meters measure' only up to 1/2 amp (500 mill lamps). So 
don't measure ANY CURRENT you are not sure is within the range of your 
meter!! (One-half amp is NOT MUCH.) Another common error is placing your 
.test leads across a voltage drop (in parallel to the load). The current 
function on your meter acts like a short circuit and must be in series with 
the load, whereas your volt functions tend to act like an open switch. 



IMPORTANT 




CURRENT 
METER 



Voltage 
meur 
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Task D 

Equipment: 
One 'VOM 

One voltage source 
Four resistors, 1/2 watt 



One lOOf^ 

One Ik 

One 10k 

One 100k 



Procedure: 

1. List the ranges on your meter for current (DC mA) starting with h'igtj^est 
first. 



HIGHEST 



LOWEST 



Now, in the right hand column, record, the highest point on this scale that 



RANGE$_ 



j^OmA 



250 ipA 



100 mA 



50 mA 



10 mA 



5 mA 



HIGHEST SAFE READING AT WHICH . TO* 
SWITCH DOWN TO NEXT LOWER SCALE. 



250 



100 mA, 50 mA, 


10 mA, 5 mA. 
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The highest safe point on the 500 mA scale would be 250 so we would put 250 
in the' right hand column. If the need|^e goes above that poifit, it would 
damage the meter if you switched to the next^ lower range. 

•< ■ - 

Have your instructor check your understanding of this before proceeding. 

Set current function to highest range and place test leads in proper input 
jacks. 

Plug in voltage source and determine 'common' and 5 volt DC terminals. 
Connect your 100 resistor to the 5 volt terminal and your black test lead 
to the common terminal of your voltage source. DO NOT CONNECT YOUR RED 
TEST LEAD . Call .instructor to check proper set up of the following: 

i ■ • : . 

Meter range and function. 

Test lead connection at meter. «. 
Proper output terminal of voltage source. 
Correct resistor. 



When approved, hook up red lead and adjust range switch CAREFULLY until you 
can make your reading. -a. . 

Record this current: . . » 



You should measure somewhere around 50 mA. If you do not get anywhere near 
this value, consult your instructor before proceeding. 

If your reading checks out, proceed to use the remaining resistors. Record 
each measurement in the chart below. 

RESISTOR CURRENT MEASURED UISTRUCTOR ' S OK 

looa 

Ik - •• 

iflk ■ 

ITO 
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Final Evaluation 



PROPER READJNGS ON: 



TASK A 



TASK B 



TASK C 
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OK 



Re-Do 



TASK D 



METER STILL WORKS PROPERLY 



When all checks indicate OK, proceed to the next l«arning package. 
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Answers^ 



Self "Test Answers 
I. c' 



2. e 



3. a 

4. f 

5. . d 



6. b 



A 
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OHM'S LAW 




Goal: 



rtw* ai)prontico will be able Lo 
( ()fn;)iii(* <^l:.H:t r ical problons 
llir()u;>h ol Ohm's I^jw, 



Performance Indicators: 



1. Cofnpiite current from given 
voltage and resistance. 

2. Computo resistance 'iroiii given 
current and voltage* 

p. Compute current from given 
voltage and resistance. 
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Objectives 

Given: 
Ohm's Law 



Matertals to perform a 
series of tasks 



Directions 

Obtain the following: 

one circuit board 

two IK resistors (1.000 ohm) 

one multimeter >. 

one vai^lable voltage power'supply 



Learning Activities 



The student will : 

Complete a final Test solving Ohm's 
Law problems with 80% accuracy. 

Complete a Final Test on Ohm's Law 
relationships with Q0% accuracy. 

Complete a Task for current. 

Complete a Task for voltage. 

Complete a Task for resistance. 



Study the Key Words list. 

Read the Information Sheets. 

Do the exercise on memorizing Ohm's Law. 

Do the Self Test; on Ohm's Law problems. 

Do the Self Test on Ohm's Law equations. 

Do the Task on Ohm's Law for current. 

Do the Task on Ohm's Law for voltage* 

Do the Task on Ohm's Law for resistance^ 

Do Final Tests I and II. 
t 

Obtain Final Evaluation. 



EL-BE-1.5 
Ohm's Law 



Key Words 



Math symbol for current 
Math symbol for resistance 
Math symbol for voltage 



I » E Ohm's Law equation for current when voltage and resistance are 
T" known. 

R = _E_ Ohm's Law equation for resistance when vol^tage and current are 
known, / 



E ° I R Ohm's Law equation for voltage when current and resistance are 
known. > * 



Directly Proportional ; A math relationship In an equation that results In a 
larger or smaller answer when the terms on the other side of the equation get 
larger or smaller. 

Inversely Proportional ; A math rele^tlonshlp in an equation that results in a 
smaller answer when the terms on the other side of the equation get larger, or 
a larger answer when the terms get smaller on the other side of the equation. 

^Ohm's Law Pie ; A circle used to easily memorize each of the Ohm's Law equa- 
tions. To find "I" you would put a finger over the "I" term and the remaining 
part would form the equation: I" E 

R 




4^ 



Informatflon Sheet 



I 
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Vpltfi^^e, resistance and current are related In a very special way. This rela- 
tiorv^hip is stated in a law of electricity called Ohm's Law. Technically 
stated, the law reads as follows: "The current through a resistance is dir- 
ectly proportional to the volt?Bge and inversely proportional the the resis- 
tance". Mathematically this is expressed as the equation I ■ E 



Since there are three terms in the Ohm's Law relationship. I, E and R, three 
equations may be derived from this statement, nhe three equations are as 
f ol 1 ows 



For Current 



For Voltage 



I « E (E divided by R) (E i R) 
E "^R (I times R) (I x R) 



For Resistance 



R - E (E divided by I) (E * I) 



A simple rule to memorize each equation involves using an Ohm's Law pie. 




***MEMORIZE THIS*** 



To solve for voltage, you s.1mply put a finger over the E and you get I x R, or 
E = I'R. ♦ 

To solve for current, pMt a finger over the I and ypu getf__^ or I = E . 

R T". 



To solve for resistance, put a finger over the R and you get __E_ or R « , E . 



Simply cover the letter you want to solve for and the remaining letters form 
your equation*— 



I 



Ohm's Law 



The basic use for Ohm's Law Is to calculate for the following: • 

1. The voltage If we know the current and resistance. E » IR. 

2. The resistance if we know the current and voltage. R » E . 



3. The current If we know the resistance and voltage. I » E , 



In addition you need to remember that when using Ohm's Law in a circuit you 
must use eadh term as follows: 

I is the current through the resister .' 

E is the voltage across the resistor y. 

R^TT^e value of the resistor . 

***You must know two of the three terms of each equation to solve for the 
third.*** • 



I CURRENT THROUGH 
I RESISTOR 



RESISTOR 




VOLTAGE ACROSS 
RESISTOR 



You may look at each of the three terms another way. 

1. ^ is the total current through the entire circuit 

2. is the total resistance of the entire circuit. 
\, 3, E is the total voltage applied to the circuit. 



,1 
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total current 
Prom supply 

total volt/^ge 
forcircuit 



— E 



R 



TOTAL 



When solving for Ohm's Law equations remember to convert all values for 
resistance, voltage, and current to their basic units. 

The basic unit for resistance Is the ohm. 

The basic unit for voltage Is the volt. 

The basic unit for current Is the ^ampere. 

To help you work problems using Ohm's Law, the equations will be presented 
showing all conversions to ohms, volts, and amps necessarv to solve each 
equation. In the following circuit diagrams the symbol01s used to represent 
the ammeter that Is measuring current (I) in amps. ■ 

Now let's try a few problems using each equations to make. sure you can follow 
the math Involved. 

FOR CURRENT * 



GIVEN 

E= 10 volts 
R«^- 1000 ft or Ik 



UNKOWN CURREKiT 
IN AMMETER 




VOLTMETER 
READS IO\OLT5 



E 

"T" 
10 

1000 (k ohms converted 
to ohms) 

.010 amps or 10mA 



If 
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FOR RESISTANCE 



GIVEN 

■» 20 volts 

I» 20fnA or .020A 



AMMETER 



UNKOWN 
R^ST/V^CE 



0> 



s 

FOR VOLTAGE 



GIVEN 
1= 15mA or .015A 
R= Ik or 1,000 



AMMETER_ 
READSIBmA 




VOUMETER 
READS 20V 



UNKNOWN 
V) \mA(3E0N 
VOLTMETER 



R = E 
"T" 

R « 20 

,020A (20mA conve^ 
to amps) 

R = .1 ,000 ft {or* Ik 





E » IR 



E = .01 5A X 1,000 



mA converted 
to am^s 



E - 15 volts 
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To memorize the Ohm's Law equations, work out the following problems. Check 
by writing the equation and solving. In the following circuits the battery 
voltage will be thie same as the voltage across the resistor. 




->AAA- 



+ 



15V 





51? 4 




f >/NA/^ 



I • 




a 



3A 



R 



+ 9V 
Hl|K 



Self-Test 

Ohm's Law Problems 

1. Write the 3 formulas for Ohm's Law. 
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X 



1= 



J. E=I20V 



1= lOA 



I- I A 



•R--IOOO^ 



1-500 mA 
(•5A) 



l-ioOmA 
(.lA) 



0 



(5000) 



1= 



R--500-^ 
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Final Test 1 

Ohm's Law 

Solve the following problems using the apppoprlate form of Ohm's Law for each' 
one. The first one Is done for you as an example. 



3A 



3V 



5-^ 



1= 




15V 



1= 



3A 



3^ 



E- 



150V 



1= 



"7" 



11 
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3m/\ 




10 



8 
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Each equation tells us what will happen to our answer as each term goes up or 
down In value. ■ - , 

Refer to the Illustration below: _ 

DIRECTLY PROPORTIONAL TERM 

A. I « E (E goef up and I goes up) (E goes down and I goes down 
R (R goes up and I goes down) ( R goes down and I goes up 

T 

INVERSELY PROPORTIONAL TERM 



I " Current In amps 



(I goes down and E goes down) (I goes up & E goes up) 

B. E "= IR (R goes up & E goes up)(R goes down & E goes down ) 

BOTH tERMS ARE DIRECTLY PROPORTIONAL 
E " Voltage In volts 

DIfECTLY PROPORTIONAL TE«M , ^ 

C. R » E jE goes up and R goes up) (E goes down a'nd R goes down) 

I \\ goes up and R goes down) (i goes down and R goes up) 

INVERSELY PROPORTIONAL TERM 

9 

R = Resistance In ohfns. 

Remember the basic way Ohm's Law was stated: The current through a resistor ;1s 
directly proportional to the voltage across the resistor and. Inversely pro- , 
portlonal to the resistance of the resistor. In other words when the voltage 
goes up, the current goes up; when the resistance goes up, the current goes 
down. Mathematically 1^ looks like this: n 

(any term on top of the line on the right side of the equation Is 
E directly proportlopal to th^ term on the left side). 
I ^« T 

(any term on the bottom of the line Is Inversely proportional to the 
term on the left side. 

h 

You shduld be able to see that, within this equation, If the voltage goes up, 
the current will go up. If the resistance goes up, the current will go down. 
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ConsTder the following example of direct f)ropoVt1on . 



A, I 



B. 



E 

IT" 



20V 
10" 



I = 2A 



■ -I 

I c iov. 

■ 10 ft 



Current In B Is 
2 times that of A 



/X GIVEN 
// E,, » 20 V 
' R « 10 ft 





GIVEN 
E - 40V 

R « ion 




Voltage in B is 
2 times that of A 



^ 

Note that when the voltage increased by 2 times, the current increased by 2 
times, or by the same proportion. Therefore, we say that the voltage and the 
current are in direct proportion. 
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Next consider an example of Inverse, proportion ^ 



A. 



I - 2A 




GIVEN 
E - 40V 
R - 20fi 



I « 4A 



Current In B 1s 
2 times that of A 





GIVEN 
e " 40V 
R " 10ft 




Resistance In B 
Is ^ that of A 



Note that when the resistance was cut In half (1/2), the current Increased by 2 
times or by the opposite proportion. Recall from your equations 'package that 2 
Is the opposite of 1/2; therefore, when the resistance was cut In half, the 
current doubled, or Increased by an opposite or Inverse proportion. The above 
equation shows current and resistance to be Inversely proportional . 
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Let's consider another example of inverse proportion . 



A. I 



'If 



I « 2A- 



B. I =-n 



40V 
5ft 



I = 8Aj 



Current In 8 is 
4 times that of A 





( 



Resistance in 6 
Is h that of A 



Note that when the resistance was cut to 1/4 in B, the current in B increased 
by 4 times or by the opposite proportion. Recall from your equations package 
that 4 is the opposite Of 1/4; therefore, when the resistance was cut to 1/4, 
the current Increased by the opposite proportion of 4 times. 

The two examples show that resistance and current are inversely proportional to 
each other. When resistance goes down, th8 current ;Wl 11 always go up by the ' 
opposite proportion. 
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At this point, you should be familiar with the idea of direct proportion and 
Inverse proportion. Let's look at each formula or equation for Ohm's Law 
and state It In spoken terms. ^ • - 

. current Is directly proportional to-.the voltage 

For Current » " r inversely proportional to the resistance. 

For Voltage E » IR The voltage Is directly proportional to either the 
I current or the resistance. ^ 



For Resistance R 



E 'The resistance Is directly proportional to the 
voltage and Inversely proportional to the current. 



You maiy question why we get to' all this trouble learning about the relationships 
of eacN;. formula. Why not Just do the math indicated by each equation? The 
reason is that understanding Ohm's Law is necessary to succeed in applying it. 
At this point it would be easy to show you an equation, give you the numbers to 
substitute for the symbols, and let you solve for the answer. You may have to 
learn to do this for testing purposes to be sure you can work the problems, but 
it Is of little value when confronted with an electronic problem in some type 
of radio or television receiver. Your skill in using your knowledge will be in 
how you analyze the problem. You must be able to interpret the voltage, 
resistance and current measurements that are different from that called for in 
a schematic diagram. This is the real test of your ability. In a later unit ^ 
we win explbre troubleshooting using many of the ideas presented in this 
learning unit. * 
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Self-Test 



DIRECTLY PROPORTIONAL VALUES & INVERSELY PROPORTIONAL VALUES USING OHM'S LAW 
EQUATIONS. 

1. The resistance in a circuit went down but the current stayed the same. 

What happened? * • 

a. Voltage was increased. 

b. Voltage also decreased: 

c. Voltage stayed the same. 

2. If resistance stays the same and the voltage decreases, what will the 
current do? - <^ • 

a. Increase 

b. Decrease 

c. Stay the same 

3. The current in a circuit went down but the voltage stayed the same. What 
happened? 



a. Resistance increased. * 

b. Resistance decreased. * 

c. Resistance stayed the same. 

4. If the current doubles through a resistor, the voltage across the resistor 
will 

a. remain the same. 

b. be 1/2 of the original value, 
c* be twice^the original value. 

5. ;If the resistance in a reslstbr doubles, the current through the resistor 
will > ^ 

, ^ d. double in value. 

b. be 1/2 the original value. 

c. remain the same. ^ 



Task A ♦ 

Obtain the following: 

1 ndlt^meter 

1 ammeter 

2 Ik Resistors* 

1 resistor of unknown value 
1 circuit breadboard 
1 power supply 



Ohm's Law 




CONSTRUCT THE FOLLOWING CIl^CUIT: 



Aiiineter 




STEP 1. Using Ohm's Law equation for current, solves for the current through 
the ammeter. (Do not apply power to this circuit.) m^ 

STEP 2. Now apply power to the circuit and record the-cifrrent measured ^y the 
meter. mA • "* ' 

YOUR CALCULATED VALUE IN STEP 1 AND YOUR MEASURED VALUE IN STEP 2 

SHOULD COME OUT THE SAME. 

' ■ . • • 

STEP 3. Open the jumper so no current will read on the meter*. Reduce the 
voltage to 10 volts. 10 volts is exactly 1/2 the voltage used in 

^ StepI 2. Using the rule that current and voltage are directly pro- 
portional, the current should be of the value measured in 

Step 2. The exact amount of current should now be ^ mA. ^ 

STEP 4. Connect the Jumper so that the ammeter will measure ciirrent. Record 
the current measured by the meter, ^mA. 

THE CURRENT OECR€A'sE MEASURED IN STEP 4 SHOUI/O MATCH YbUR ESTIMATIONS 
IN STEP 3. / • . 

STEP 5. Obtain your instructor's evaluation. 
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Task B 

CONSTRUCT THE FOLLOWING 'CIRCUIT: 
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STEP 1, 
STEP 2. 

STEP 3. 



STEP 4. 
STEP 5. 



STEP 6. 



STEP 7, 



Cover the face of the meter located on the power supply. 

Usingthe Ohm's Law equation for solving for voltage, solve for the 
voltage across the resistor (Er) and record the value. V 

Starting at zero volts, turn the power supply voltage up until the ^ 
ammeter reads lOmA. Measure the voltage across the Ik resistor and 
record the value. V 

YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEf z" SHOULD MATCH 
YOUR MEASURED VALUE IN STEP 3. 

Remove the voltmeter from across the Ik reslstrpr. 

Increase the power supply voltage un*t11 the current doubles or 
equals 20mA, , ' 

Using the rule that current and voltage are directly proportional, 
the new voltage measured across the Ik resistor should Increase by 
a factor of , and read volts. 

Attach the voltmeter across the Ik resistor and measure the new 
voltage. V . 

YOUR ESTIMATE^^IN STEP 5 SHOULD MATCH YOUR MEASURED VALUE IN STEP 6. 

Obtain your Instructor' s^ e^luatlon. 
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Task C 



CONSTRUCT THE FOLLOWING CIRCUIT: 



r 

— E 



UNKNOWN 
AMMETER RE56T0R 
VALUE 



07 



ATTACH METER 
f TO-ASINOICATCD 




STEP 1. 

STEP 2. 
STEP. 3. 

STEP 4. 
STEP 5. 

STEP 6. 
STEP 7. 



Have your Instructor c6ver the color code on a resistor by using 
masking tape. 

Install the resistor as Indicated In the above diagram. 

Starting with the voltage at zero, Increase the voltage until the 
ammeter reads 10mA. 

Measure and record the voltage across the unknown resistor. . 



STEP 8. 



Using Ohm's Law, calculate the value of the resistor using the 10mA 
current and the voltage you measured in Step 4. 

Remove the resistor from the cl^'cult. 

Using your multimeter, set to read resistance, measure and record the 
value of the unknown resistor. ^Ohms 

YOUR CALCULATED VALUE FROM STEP 5 SHOULD MATCH YOUR MEASURED VALUE IN 
STEP 7. 

Obtain your 'Instructor's evaluation. 
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Final Test 2 



^ h The resistance in a circuit went up but the current stayed the same. What 
happened? 

A. Voltage was increased. / 

B. Voltage was decreased. / ' 

C. Voltage stayed the same. / 

2. If the resistance stays the same and the voltage increases, what will the 
current do? 

A. s Increase. 

B. Decrease. 

C. Stay the same. 

3. The current in a circuit went up but the voltage stayed the same. What 
happened? 

A. Resistance .increased. 

B. Resistance decreased. 

C. Resistance stayed the same. 

4. If the current through a resistor increases 3 times, the voltage across the 
resistor wil 1 

A. remain th^ same. 

B. be 1/3 of the original value. _ _ 

C. be three (3) times the original^ value. ~ ^' 

V If the resistance in a resistor decreased by 1/2, the current through the 
resistor will " \ 

' ■•■ ■ - ■ \ ■ 

A. double (X2)< in value. 

B. be 1/2 of the original value, " * ' 
. C. remain the same. 



o 

ERIC 



22 



173 



tL-bt-ib 
Ohm's Law 

.t 

" ... 

Fln6l Evaluation 



OK > Re Do 



• . ' ' — ' ' y 

Conipleted the Tdsk on Ohm's Law for current 










Completed the Task on Ohn's Law for voltage \. 


Completed the Task on Ohm's Law for resistance 


Completed final Test I on Ohm *s Law problems 






with 80% accuracy.-^ , ' 






Completed Final Test II on Ohm's Law relationships 






with 80% accurl&cy. i 







When all checks indicate OK, proceed to the next leaming-^package. 
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Answers 



Answers to Exercise il 



1. R » 

I 



3V 1ft 
IT 



2. I = E » 10 



2A 



3. E = IR 3A X 3ft = 9V 

4. I = E = 150V » 6A^^ 



R 



5. I « E = 15 - .005 - .005A or 5niA 
T" 3 ,000ft 

61 I - E » 150V - .03A or 30fflA 
IT 'TMS 

7, E = IR = .003A X 2,000ft = 6V 

^8. R = JE_ = 9V = 3ft 
I "lA" 



V 
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Answers to Self-Test #1 
1. I = E 



E 



E = IR 



Any order^^is correct as long as the tquatlon is written correctly. 
2. I = E I - 20V I - .2A or 200 mA 



R 



3. R = E 



20V 
120V 



R = I2n 



4. E = 0 X R; E » 1 X 1.000ft; E - 1,000V or IkV 



5. R = E 

I 

6. E = IR 



« 7. I 



R 



R 



75V 



R= 150ft 



E « .lA X 5,000ft E ^ 500V 



I * 5V 



I " 10mA or .OlOA 
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Answers 

; ■ i . ■ 

Answers to Self-Test #2 , 

R > ^ Restance and voltage are terms that are directly pro- 
T" portlonal. Therefore, If the resistance goes down, the 
voltage would have to go down. 

2. B. I « -i- .Cur*rent and voltage are terms that are directly p#«opor- 
* ^ R tlonal. Therefore, If the voltage decreases, the current 
would have to decrease. 



3. A. R 



E Current and resistance are Inversely proportional terms. 
I Therefore, If the current goes down, the resistance would 
have to go up or Increase. 

4. C.^ E ■ I X R In this equation, current and resistance are terms that are* 

\ directly proportional . Therefore, If the current doubles, 

the voltage will double, or be twice the original value. 

5. B I X -L_ ^^^s equation shows current and resistance to be Inversely 

\ R proportional. Therefore, doubling the resistance (X2) will 
have the opposite effect on the current, and It will be 1/2 
of Its value (opposite of 2 Is 1/2). 
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POWER* AND WATT'S LAW 



Goal: 



The apprentice will be able to use 
Watt's Law in computing problems 
in electrical power. 



Performance Indicators: 

i 

1. Compute wattage froiti given 
voltage and amperage, 

2. Compute amperage from given 
^ wattage and voltage, 

3. Compute voltage from given 
amperage and wattage. 
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Objectives 



Power/and Watt's Law 



6i ven : 

Resistors of different wattage 
and equipment to perforin a task, 

Watt 'slaw ' ^ 



The student will i 

Perform an experiment derfionstratirrg 
P, I , and E relationships using 
Watt 's Law. 

Answer a set of test questions with 
80 percent accuracy. 



Directions 



Obtain the following material: 



'circuit Board % lo ohm 1/4 watt resistor 

Power Supply ^ 
Multimeter 10 ohm 1 watt resistor 



Learning Activities 



study Key Words list. 

Read Information Sheet. 

Do Self-Test on Watt's Law equations. 

Do Task on Power, 

* - ► 

Do Final Test on Watt's Law. ! 
Obtain Final Evaluation. 



3 ' . , 
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Key Words 



Power/and Watt ' s Law 



Power: Work done by elecLfital pressijit i^i vuluye. 
Wdtt : The basic unit of (;owt»r-. 

Watt-hour ; The basic unit, of power multiplied by time. 

Wattage : The amount of power in watts used lo do^work by an eledtrical device. 



Watt's Law: P - 1 X t 



Amphour : The amount, of current per hour avdilablt? in a battery. 

Power Dissipation : The amount of heat yeneiated in watts by an electrical 
device doing work. 



WJtt's Law Pie: 





memory aid to, learning Watt's Law. 



Dissipate : To give off energy in the form of he^t. 



♦ » 
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Power/diKl Wdtt ' 5 Law 



4 



lju» l)dsi( unit of ipDwof )^ Ww w.il.l,. All of lh({ items thdt you h<iv(* in your 
hl)iiu* thdf. use iHo( I f i ( 1 1^ wH I U*\\ voii lu;w iiiu rtf power r.hoy use by tj>lMn<) 
you hov/ nidny Wtitf.s t. hey use. 



Approxiiikit.e '(.ost. ol Operdr ion of Applican(,es 



App I iance 

, Toothbrush 
C I ock 

Hdir Dryer 
Sewl ny Marl) i 
Shav^fr 
Toaster 

Vacuum^ CI edun . 
Radio 

Washlncj Machine 
Coffee Maker 
TV , B ^4 W 
TV, Color 
Di shwashef 
Ret r i ()er (Kof / 
h ree/er 

Manud 1 IJef rost 
ClothiS Uryer 
Rdoye wi th oven 
Refrigerator/ 

F reezer 

Auto Defrost 
Water Heater 
CentTtil A/L 



Avf^raqe 
Wdttaoe 



IJ 



iHi 
/'; 
■ l'> 
1 146 

71 
bl2 

im 

)/lil 



4ybt) 



Est. Cost per Month 
dt $0.04 Per KWH 



I 

44/4 ' 
Ib/U/tqn I 



.003 
.06 
.05 
.04 
.04 
.13 
.16 
.29 
.34 
.35' 
.33 
1.06 
1.21 
2.33 



3.31 
3.92 
5.98 



14.91 
35.00 
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BEST COPY AVAILABLE 



Information Sheet 



Power/and Watt ' s I. aw 



You Will often hear the words "alternate sources of energy" when describinq 
different sources of electricity. Nuclear energy , solar energy, geotheriiial 
energy, and i^/ind power come from different sources. The energy from all these" 
different sources can be used to create electrical pressure or electricity. 
When this electrlcaV pressure does some work for us, such as light a lamp or 
aZJa are^using some of the energy, The amount of energy we use will 

depend on the type of work being done by oup^ electrical pressure. In this unit 
we are not concerned with the energy itself but wfth the work that is being 
done. Power is the word used to describe the ability of this electrical 
pressure to do work. Anytime ejectricfty is used to do something, power is 
also being used. The amount of power used depends upon what type of electrical 
appliant^you are using. . ' 




I 
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A stove, for example, uses more power than a TV set. The two electrical 
devices in your home that use the most power iire Wie hot water heater and 
electric heater. The size of the bill that the electric company sends you 
depends on how much power yiu use. Conserving the amount of power you use 
can prove very hfe pful in t^ing to keep the electric bill as low as possible, 
ikpc u CO ITl looked at your electric bill and tried to figure out what 
.^akes it so high, you may have noticed tWat you were billed for the amount of 
W^tt-hours used. The amount of watts used times the time in hours the power 
is used is called watt-hours. 
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The clearest example of the relationship of wattage used td wi)rk done is the 
light bulb. You are aware that a 100 watt bulb gives much more light than a 40 
watt bulb and reauires tnuch more electricity to produce that light. Most home 
light bulbs rangd from 25' to Uo watts. The electric/ appliances that you have 
will average from 100 watt4 to several thousand watts. Your electric company 
will charge you for the amount of watt-hours used. Since you are billed only 
once per month, several thousand watt-hours will be on your bill each month. 

To figure out how many watt-hours something wi-l 1 use, simply multiply the 
amount of power in watts the appliance uses by how matiy hours it is turned 
on. For example, Jf you, leave a 100 watt light bulb on for 30 days or 720 
hours, you would use 100 x 720 or 72,000 watt-hours. This would normally be 
expressed as 72 kilowatt-hours or 72 kwh\ 

The electric company charges a fixed amount for each kilowatt-hour used. The ' 
electric lines usually supply 120 volts for small appliances and 240 volts for 
larger appliances. If you do not have a device connected to the electrical 
-outlet and the device turned on, then you are not using any electrical power 
or energy. It is only when the i^^em Is plugged in and turned or\ that energy 
or power in watts Is being used. 

Power is used anytime you have a conductor which connects, one slot of the 
electrical outlet to the other. The conductor forms a pathway for the |lec- 
tricity. The appliance or the electronic device which is plugged into the 
wall represents a LOAD on the electrical service^ to the house. Loads are often 
represented in schematic diagrams as a resistor and often indkated as R^. , 



WALL OUTLET 




POWER CORO PROVIDED PATH FOR 
ELECTRICITY TO FLOW FROM ONF 
OF THE OUTLETS TO THE OTHER. 



r. 




WALL ^ 
OUTLET 



V 




Rl 



APPLIANCE 
(LOAORl) . 



Schematic Drawing 
of above pictorial . 
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BEST COPY AVAILABLt 



^ ,^ ^l-i)W(;r7d.ii(i Wdtt's Law 



fr« b"";;, ^The l,Md ,l#> dissipates heat and light which -prevef.^ the wi,^s 



J 



o 



CAR HEADUGHI 



poweJTlJ^J rlnT'" w l;""'"'^ ' «"*<:'^ less" thai, the amount •of... i 

power that can be suppljed by the etettrical lines in your home. The amdunt 
of^power that a battery^ can supply usually depends on the ^iJ^^U 





SMALL AMOUNT Of- HuWtK . 



LA«(iE. AMOUNT OF POWER 



l!lLfr""* ?f ™)taye that thP Lattery prov.des is not the only factor we iiiust ■ 

consider. The iZ volt flashlight b-attery and the 1? volt car batterv e^rh 

pr,ov,de 12 volts at the ter„„nals. The flaslflight bat I'l d Ler e used 

to^start a car because „ ,.a„ndt supply the amount of pflV requirld ^y the car 

;o^:t^^^t"^hV;;rSut::;n•?;^^^^^^ 

happened because the start.r r,,,,utres „„ch more power than the headlloKts 
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• I.I.-[U",.-16 
Power/ and Wcitt ' $....Ldw 



: / 

•Devices that get,:,their power f r^om- a battery or power supply such as that used 
in your expenments state their power requi rements in AMPS Instead of WATTS 
10 find out how many, watts are required by a 'device that tells you how much' 
current in amps t requires will involve some calculations, Deterinininq watts 
needed or power is the basic function of Watfs.Law. Electrical devices that 
plug into the wall outlet will always have- the power in.watts that they require 

?.L 'f kT^''" °" other products thn use power^ from some 

type of battery or power supply usually tell you how much current in amps thev> 
requ,ire. How to convert amps ;jnto watts involves an equation known as Watt's 
Law. The law states that 1 watt of power is us6d when 1 volt of electricitv 
causes. 1 amp of electrical current ta- fl ow through a 1 ohm resi stor. ■ ' 

I VOLT 
OF PRESSURE 





1^ 



RESISTOR 



Watt's Law is^usually expressed in an equation that uses voltage and current' 
The equation for Watt's Law using voltage and current looks J ike ■this : 



,.P;-I.x.F 



■r ^ 




, . ' POWER. 

■ ■ - V ' .in;-' '■ 

. watts < . 


:V ■ . EQUALS • 

H 

. ; W ; ^ V 


CURRENT 
in , 
amps ' 


TIMES . 


VOLTAGE 
in 
volts 




equals 


1 amp 


]' times 


1 vol t 



Let s go back to the: -p^^^ of figuring out how. much power your headlights or 
-fhl hiL^ifK?'^^'^^''-/— Nttery. Due to the load resistance inside 
the .headl ght, 2 amps of current may flow when corviected to a 12 volt battery. 
T^e car^ starter my represent ^ lower load resistance ^so that 50 amps of 
ruL'fn TZ Ir ^^J",^0""e^<^ed to the 12 volt battery. Since y^e know the 

tlTZl'^/'^'i^^ '''^ ^^5^ ^'"^^ 10^^ ♦ wfe can compute ) 

the amoj^nt of ppwen needed for' each' device. ^ ' 



0 G> 

1 2 VOLT 
BATTERV ^ 




Pqwer/and Watt's Law 



AMMETER READS 
2A . 




# 



URHEADUGHT 



P I X E 



P " 2A X 12 V 



P " 24 watt.<; 



0 0 

(2 VOLT 
BATTERY 



AMMETER BJEAD'b 
50 A 



CAFft^STARTER 



P = I X E 



P = 50A X 12 V 



P = 600 watts 




om the equation P * I X E , you should recognize that all t\\i terms are ' 
directly proportional. This means that if the value of the curreTTt-or voltafle 
increases, the power will al so increase. The opposite is also true. If either 
the current or the voltage decreases, then the power used by the itemwill also ^ 
decrease. Most electrical items require a certain voltage to operate properly 
so it is not practical to reduce th^yoltage to low^r the' power required. A 
new small 12 volt lantern battery may be able to supply only 1/2 amp for 1 hour. 
This means it has a rating of 1/2 ampere-hour. If we apply our Watt's Law 
using P - I X we cal) come up with how many watts it can Supply. P = 1/2 amp 
X 12 volts 6 watts. Let's try the same thing with a car' battery rated at ^ • 
D ^rKa ^^^'^^ means it can supply 50 amps for 1 hour. P = I X E or 

P = 50A X 12 v = 600 watts. The total amount of energy the lantern battery 
can supply is 6 watts. X 1 hour or 6'watt -hours , but the total amount of energy 
the car battery can supply is 600 watts X 1 hour or 600 watt-hours. 

As you. can see from the examples above, the smaller battery cannat supply very 
-much energy, only 6 watt-hours. The larger car battery can supply 600 watt- 
hours.- Since they are both rated as providing 12 volts, you should recognize 
. tnat it is not how much voltage they provide but how much power and energy they 
can supply that makes the difference. - . . - , 

TfVe type of power we have discussed so far has dealt with the amount of power 

a certain work in a certain time: the car batt ery to turn the - 
llnu^' °' ^'«^dl1ght,^the no volt wall-plug to run a household 

appj lancet The word power can also be used to express the amount of heat 
ge^nerated irt an electrical "item. Consider your electric stove or electric 
heater. Both of these devices are designed to give off heat* 
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tl.-Bt-l6 
Puwer/andi Watt ' s Law 



1 



Other items such ds radios or televisions we do not want to get too hot as heat 
quickly damages the parts. When power "is^sed to do some kind of eleqtricdl 
work, heat is always generated by the work being done. An example of heat 
being produced by the work being done is the light bulb. The light bglb is 
principally designed to give off light. But if you touch the bulb after it 
has been djk f or a while, you will feel a. great deal of heat coming fr^m the 
light'bulb^" If you leave your hand on the bulb for longer than a second, you 
will probably get burned. Larger wattage light bulbs which give off riiore light 
will also give off more heat. From this example, you can see that thd power " 
required b^ the light bulb is used i n two di f ferent ways: 

' ' ■, 1 
/ 1. The power that produces the light. 
'2. The power that produces the- heat. 

Both of these powers are additive and, the total amount of oower required by the 
light bulb is the sum*af the power used in heat and the power used for the 
light. 

Keeping parts from being destroyed by the heat di ssipated jin .doing work 1n a 
radio or television receiver is of major 'importance to the technician. To 
assist ^us in selecting parts that will'not overheat or burn up, the parts 
manufacturers will many times give us the amount of ^ power in watts that the 
part can dissipate or throw off in the form of heat*. More than that amount 
will damage the part. Resistors ,are an example of this. Remember from your 
study unit on resistors that they come in various wattage sizes: 1/4 watt , • 
1/2 watt., 1 , watt , 2 watts , etc. 




yzmn 3/dMm 





l/4iN.DIA. 



9/\mm 



^ Basical ly ,. the bigger the part is the more heat it can safely dissipate. This 
is true for alriiost all electronic parts. Remember our power equation P « I X E 
tells us that the amount of power used to do work and dissipate heat in our 
electronic circuit .is directly proportional to ttie voltage and current. iV 
either the current or voltage increases due to a short (a decrease in resis* 
t^nce) in our circuft, the power will also increase. If the increase in power 
is above the power rating of the part, it will ptobably, burn up. 
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Consider the two examples below: 
A. 



20V 



I5WATT 
RBISTOR 




Voltmeter 
reads 
V ) 20 voltS'- 



/V^ METER 
READS .5A 



EL-BE-16 
Power/and Witt's Law 



P = 1 X E 
»P = 20V X .5A 
P = 10 watts 



B. 



I5WATT 



20V 



RESISTOR 
SHORreo 




Vol tmeter 
r^ads 
ZO vol ts 

AMM^TEf> 
EAOSIA" . 



P = I X E 
P_= 20V = lA 
P = ^0 watts 



ERIC 



In example A, 10 watts is consumed by the resistor. Since the resistor is 
rated at 15 watts, it will not burn up, although if you touch it you will feel 
some heat. In example B, the current has increased to 1 amp and the power 
increased to 20 watt s;. That same resistor rated at 15 watts now "has 20 wattS 
consumed in it)an(^ i-t will probably burn up. 

Anytime you find a resistor burned up tji a circuit, you should carefully check 
the circuit to be sure there is no short which would cause excessive current 
to flow. Remember, a short means that the resistance has decreased to a low 
value. From Ohm's Law, a decrease in resis1;ance would mean an increase in 
current. It is this increase in current that would- increase the power con- 
sumed by the p^rt. . ; 

To memorize Watt's Law and aT 1 of its variables, we can use an aid similar to 
the aid used to memorize Offrn's Law. The Watt's Law memory aid is also called a 
PIE. (Since P^= 1 X E,^his is usually an easier equation to remember.) 

WERIN 
WATTS 



CURREHT 
IN /A^PS 




VOLTAGE 
I N VOLTS 
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I'uwtir/rtiul Watt ' s Law 



You can use the Watt's L'aw Pit juSt like yuu used the Uhni's law Pl\ : 

To find the power, simply put your finyer over the le.tter P 
.and you get 'I' - I X t . 

To find the voltage, simply put your finger over the letter i 



and you get ^ - \ 



P . 



.1 ■ . ' ■ 

To find the current, simply put your finger over the letter I 
and you get , P 



I 



T 



Let's try some example problems for each equation. Remember you must know two 
of the three terms to solve for the third. 

Example A: To find the power when the voltage and current are known 
tquation P - 1 X b 




Vol tmeter 

reads 

lOV 



Ammeter 
reads lA 



P = E X I 

p = 10 X r 

• P =. 10 watts 



Example B: To find the cu/rent when the voltage and power »re known. 
Equation . 1^ 



RESISTOR 



D20V 



um 5 WATTS 




Vol tmeter 

reads 

20V 



I =, 



•E 



20. 

V 

I - .25 amps 



1.1 
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tL-BE-l6 
Power/and. Watt's Law 



Example C: To find the voltage when the current and power are known. 
, Equation ^ _ , _ 



RESISTOR 



<^ING I WATT 




Ammeter 
reads 2A 



1 

E. = 2 

E = .5 Volts 



j 

Occasionally you will work with products that have a horsepdwer rating. One 
horsepower (Hp) is equal to 746 watts. All power equations apply to horsepower 
ratinc(? in watts , the same as any other wattage rating. 
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Self-Test 



I'ower/dnd Watt's 



, Thfs b dsTc"!: i r cu i t"~rs" 
used for. all of the 
practice probjems 




R 



You may refer to the Information Sheets for any equation^ 



I. P 

I 

E 

4. P 

I 



2 A 

3 V 

.001. 



2. ■S> ^ 

' I « .6 A 
E,= 12 V' 

i 

b. P - ^ W 

I r 

E = txO V 



3. 



6. 



P 
I 

E 

P 
I 

E 



= .b W 

- 2 A 



« .25 W 

= 6 V 



7. .P 

I 

E. 



10 W 
2 A' 



B. 'P =- 
^. -1 = .05 ' 
' E = 10 V- 



9. P 
I 



.5 W - 
5- mA 



E = 



10. P = 

I = 20 mA 
E = 20 V 



11. P = .25 W 

■ I = 125 rtiA 
E = , 



12. P. 

I 



= 10 W 

= ^0 mA 



E = 



7 




Task 



Power/and Watt's Law 



Materials required: * , • ^ •■ 

1. Low-voltage power supply - 

2. Two' resistors, 1/4 watt 10 fi, 1 watt 10 u 

3. Voltmeter 0-30 ^DC > . ' • 



Procedure: ' 2 

% 

Step^ 1. Connect the circuit as shown below using the' 1/4 watt resistor. 
CAUTION: Power "OFF"' antl observe po-lari ties. 




10-^ 1/4 WATT 



Step 2, 



Step 3, 



With the voltage control at minimum, turn the "power switch to "ON" and 
slowly raise the applied voltage until the resistor begins to get 
warm. Let the resi stor ^operate at this maximum condition for Several 
minutes while you note the maximum operating condition of a 1/4 watt 
resistor. Carefully touch the resistor with your finger to note its 
.temperature. . . 

Raise the applied voltage slowly until the resistor heats and hwrns 
open. Note and record the' value of the applied voltSige when this 
happens. NOTE: When the resistor has opened there will no longer be 
a current path, current will no longer flow, -and the resistor will 
have irrfini'te .resistance. ' ' . 

« 

Applied voltage when resistor opened: r * 



Step 4. 



Compute and record the amottnt o( power that the resistor was 
dissfpatiog at the Hime it opened. 

Power'dissipation at time of failure: * ' 



S,tep 5. 
Step 6. 



9ecoi>nect the circuit using a 10" i watt resistor. 

Apply the saflie voltage which destroyed the 1/4 watt resistor in "^Sltp 4 
noting the of/erating temperature of the higher wattage resistor. * 



Step 7. 

Step 8. Obtain the instructor's evaluation. 



How does the- operating temperature of the resistors in Step 2 and 6 " 
compa/'e? - , 



1 
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'Final Test ^ 



PoweT/and Watt ' s Law 



The following questions- refer to this circuit 



2. 



P = 

I = 

E = 

P = 

'1 = 

t = 




2 W 
.05 A 



P = 20 W 
I = .5 A 



6. P = 

I = 50' mA 
E = 500 V 

6. P = .25 W 
I,= 2 mA 

. E = 



A 115 V electric heater furnishes iT^b W of heat. What is the operating 
current?' , . • 



a.- 1.0 A 



b.. 1.150 A 



c. 10 ^A 



8: What current does^the average 115 V'.1O0 il light bulb draw? 



a. .0^7 A 



b. .87 A 



c.> 1500 A 



1/ 



1 04 



Ll.-bh-lb 
Power/and W'att' S' Law 



• Final Evaluation 



Date 



« • 



Name 



.OK * *RECO 



Accurately completed a te^sk demonstrati.ng 
P, I , and E relationships 




Answered question's" on ^ Final Test with 
80% accuracy , 



(. 
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1 1. -hi; -16. 

l*()wer/diuJ Wdtt ' s l.dw 



Answers 

5elf-Test Answ|yrs . 

1. 6W, 

2. 6 W 

3. ✓eb'v 

. 4. 1000 V or V kV 
'6. .^4 A or 40 liiA 
6. ^.05 A or bU iiiA 

8. W , • 
9;. 100 V 

10. \4 w • ; . 

11. " 2 

12. 200 V . ■ ' ' 



. 7 
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• KIRCKOFF'S GURREI^IT LAW 



I ■- 



1. . 



■ J 




Goal: 



ERIC 



Th(^ iipprontice will be able to 
us(^ Kirchpff's l^w in coMputing 
curr(*nt values of electrical 
c i rcuiLs. 



0 



Performance^ndlcators: 

K >^ Describe KircHoff'^ 
... 'Current Law. ^ ^ ^ 

2. Describe algebraic sur:is. 
■ . ^ . */ 

V 3.. Solve for current through 
resistors''. 



... \ 
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BASIC EUECTRONICS 



V 



Kirchhoff's Current Law 
EL-BE-18 
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Test Draft 
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objectives 



Qiyen: - 

Resistors' of different values, 
A multnmetesf 

A circuit bireddboard for " 
' constructing simple circuits 

A^ power supply 

'A Final Test on Kirchhoff's Current 
Law ■ . 



Kirchhoff's Current Law 



The student wil 1 : , . 

Apply Kirchhoff's Law for current 
in a simple circuit with one vol tag 
source. 

Solve for an unknown current using 
Kirchhoff^s Current Law. 

. \ 

Complete- a Fina> Test with an 
accuracy of 80%. 



Directions ' *- 

Obtain] the following material: 

1000 ohm resistor ' , 

20.000 ohm resistor 
•10,000 ohm resistor 

Circuit breadboard ^ ' 
'Power supply capable of 'providing- 0-30 volts 

Multimeter capable of measuring currents 0-300mA 



Learning Activities 

■ study the Key Words. list. 

• . > Read the Information Sheets. 

Do the Self-Test, / * 

• ri. 

« ■■ . ' 

_____ Do the Tas1< for Kirchhoff's Current Law, 



Do the Final Test. 
Obtain Final Evaluation. 



/ 



t 



v;, « 




Key Words 



.1^ 



Kirc hhoff s Current LajH: "The algeb»^aic sum of the currents entering 
- aRcJ -leaving any point 'iiijst equal zero." , ( ' 

Algebraic Sum : The reltjlt of adding positive and/or negative numbers; ; 
electrical circuits: 1 



•••:.\ iv.".' ,- 



A. Currents ^entering 4|Poi'^^ are' assigned a positive value (+). 

B. Currents leaving a loint are assigned a negative value (-)/ 

_R: Symbol which repref^bts current f-low through a resistor (notice thte -^l^' :l vUUi v" 
is written in a lower p0|^tion)^ i-e.;. ' ^' "T^-'^ 



■■M).A'.- 



Ij^^ = current .flowi|^| through resistor Rj' 
Ir, = current f lowinl ^through resistor R.; 



R: Symbol which specifiead Certain resistor; i.e., 

R[ = resistl|r number 1 in the circuit 

R;, = resistdr number 2 in the circuit 

R^ = resistor number 3 in the circuit 
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pTcjf\\\6W s Current Uw: 



V : - 
■■■■ 



V Ab6ut K%hhof r s' Xd^s ' - / • . . ....... 

f : iKi r.chKof f ' s, Lai*s' are very usef mV ■ i'h learn ing'' ^p.vyork on el ectronic products . . 
' i ^t^e.'MS^^^^^^^^^ r^sLflts from a|COJninpn^'sens^^^^ of the* Uws^ and not 

rvJi^st b^lri^^^ %tated; Kirqhhoff 's Laws say . : 

: V. -/that. you. u out: bf a.'clpcuit than you .p"ut into . 

■ • ■ ..V--,-.- " • • .. ■ ... .. r *i- ■■■ : ■'. ... ■. 

^.< Aisum^.:tthat*y^^^^^ a OC voiy^'e'.'Of about 50 in a carciiit that : 

: .opera-tfed from fc25;v6lt suppj^ An "error/ light^'S shoutd come on vin your mind ^ 
'saying, ';H^y.,' if yor>»ly stanied out with/25' vol-U; then that's the Jiost J can " 
/ .^measure so my readi% bf^ 50 volts. must be- incortett;''' . \ 'v , / 

^ A" similar Ctinj^itipncoUtdocgUr while ma M-ng a current 'measurement.' If yo^ 
are measurtpg 75 milli^amps in part ^of a circuit tifat Kas a. total supply current 
. .of,„ orvty 60 mi ll iajnps ^ then again the light 'should come* on and say , "Hey , If tf>e 
whole cireui t Only draws '50' mill iamps, then that is, the most that can be 
measured . *' " ;> ' .■ ■ ^ \ '- ■ "■ ■ >^ . * ■ - ' . 

' The unlikely ridings you nia'y obtain "for the two &iriFfl.es >bOve shoul^l; tell you 
" to rechecK your instrument readings' or further 'examine' the circuit. for posjibTe 
shorts. (Shorts» or less resistance, create more curirent . ). . ;.; \* 

■KTrchhoff's*Uws keep us, on' track by reminding us that 'the maximum values.we'. , 
^can. measure' will depend on the ^m^^^^ voltage arid current. supptyi^g pu^; 
■-Xircuiti ■. - ■ . . .... ■ .. 

These next two> leariiing packages" wi.l1"'n«ke you familiar witfi./two pf th^ mbre 
'popular. aspects of Kirch,hoff*s Lawsr-onje package. Kifchho^f's Law fOr current, 
■■■ and"One package, Kirchhoff 's'.Law for voltage lisihp one voltage supply.. , 



t\ rfc hhof f ' ^ current law for One Vol tage Sour^ce " " ■> 

KiKhhoff's Law for current -can .be' Stated technically: "The algebraic sumAf 
the currents .'entering any points and VeftV'ing any point in a circuit must equal 
zero " Let's try to- restate th:e IStW ,in plain: language. "The total current 
entering aVcircui t . must be. Hual to the 'total amount of current leaving the 
ciucuit.^*' Study tbe tllustration on. the. following p^ge. * 
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Kirchhoff.'s Current Law; 
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Fi^gre 1 



% term "algebraic sum" in the origfnal technical explanation refers to adding 
positive a'nd negative numbers. By marking -the currents entering Ou^- circuit 
"positive values" and marking the currents leaving our circuit "negative 
values'" and then adding them, we should arrive at the answer "zero." If both 
of these current values are equal, then, by using a basic rule of addition that 
states "when two equal, but opposite numbers are added, they cancel and equal 
ZerO'" you can easily solve the problem. Examples of equal but opposite num- 
bers are ^5 and -5. , " ■ ' 



Using the circuit above as an example, notice that the current leaving the- power 
supply and entering pojnt A, the input to our circuit, is 5 amps. Since this is 
the current entering 'the point, we .will -mark this value •^5A. 

We mark two currents leaving point A with negative values: = -1 A and 
I2 = -4 A. By taking th^ sum of these 2 currents (-10 (-4) = -"S A, we can 
state the total value of the two currents leaving the point A as -5 A. 

Now, if we add the current entering the point A (+5 A) to the current leav- 
ing the point A (-5 A), we get zero for an answer. (+5 A) •^ (-5 A) = 0. You ' 
have just taken trte algebraid sum of. two values which equals zero. This is an 
Important step to the understanding of Kirchhoff's Current Law. 

Let's us-e point B of the saffie circuit in Figure 1 as another example. The 
currents entering poi^t B.we will label as Ij (•^^ A) and I2 (+4 A). The' total 
current entering point B is I, (1 A) + (/I A) or + 5A. The ammeter f\ shqvf^ 
5 amps leaving point B; this can be written as -5 A. The current leaving- paint 
B is now -5 A. 



Now, we -check by adding: 



(+5 a)N^-5 A) = 2ero. 
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EL-BE- 18 
Kirchtioff s Current Law 



That part of Kirchhoff's ^:urrent law that states "entering any .point and leaving 
any point" can also refer to a' resistor branch and could be restated: ."entering 
any parallel resistor branch and' leaving any paral le> resistor branch." Now 
the law could look something like this: "the algebraic sum. of the currents 
entering a^parallel resistor branch and leaving that same parallel branch must 
equal zero." Study the illustration below. . 




Figure 2 

7er;ve that the current entering this resistor network is iqual to 1 amp. The 
Trrent leaving point A is split into 3 different current paths. But since 
they are all leaving, you can mark all of them negative values a^ follows: 
I| = -.5 A, lo = -.2 A, I3 = .-.3 A. The total amount of current at point B * 
could be expressed as -1 amp, jay adding: 1^:5) + (-.2) + (-.3) = -1. 

^Now take the algebraic sum of these two current values, the entering current of- 
+1 amp and the leav.ing current of -1 amp. (+1 A) + (-1 A) = 0. ,Jhis is just 
another application of Kirchhoff's Current Law. 

' . Let's try another application. Study the illustration on the following p^e. ^ 
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Kirchhoff s Laws can also be used to solve for an unknown current. The problem 
is to find the value of current path \\. See if you^can follow along with me , 
and corje up with the same answer as I do. 

1. If I^, or the total current entering the branch. of n^oinj A <s +2A, then 
* ^-2A must lebve the branch at point B. 

2. Currents add in parallel circuits. We calf) account for -.9A of the total 
-2A by adding sijrrent I2 and current I3. (-.5A) + (-.4A) -.9A. Singe 
these are currents leaving the branch at point B, we can mark the total 
current at thiy point as (-.9A + x), the x representing the unknown curr 
rent Ii- ^ 



3. Now we can set up an algebraic equation 



)n^>ljp 



this: 



I^' + X + I2 I3 = 0 

If ^we substitute our known values for tffe s^bols in the equation, it 
reads: 

+2A + x + {-.5A) + (-.4A) = 0 .'• 

+2A +™9A) + X = 0 

,+ l.lA + X = 0 . • « 

x= -I.IA 



Ki.r.chhoff * s Current Law 



4. For proof, we can substitute the values. 

+ I, + l3^= 0 • 

+2A + (-1:1A) +-(-.5A) ■+ (-.4A) = 0 ' 
+2A + (-^A) =0 
0=0 . - .' • : 



-5. 



I^r 



By Ins^Vtfng the, value' (-1.1A) llr ,x, or(the unknown Ii. we have written* 
an ecfuation which repeats our wor^king statement of Kirchhoff-'s Law: The 
algebraic" sum of the currents entering any parallel resistor branch anb 
the currents leaving that same/paral lei resistor brandh must equal zero. 

w 

Consider the next application by 'studying the diagram below. 




\ 



Our problem in this application is to find the current entering the branch^that 
would be measured by meter Mj. 

Jhe currents leaving point A and dividing between the t)?ree' resistors in 
parallel are indicated by the meters Mj,. and M,,. Since these currents are 
leaving point A, they will all havp negative values. By adding these together, 
(-Ij + (-.5) + (-.7') we get -2.2 or .-2.2 A: 

By remembering that the total current entering a resistor branch an<i leaving a 
resistor branch must be equal in value but opposite irl polarity (-»■ instead of -) 
we know that meter M, will have^ to read +2.2 A. Let's try the final proof by 
taking the algebraic sum of those two values. (-2.2 ,A) + (+2.2 A.) = 0. It 
checks out so 2,2 A is then^Jie currerft value for gieter Mj. » ^ 
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^Kirfhhotf^^ Current, Law 



SelMesit 



1, Using iJ^rchhoff'.s Current Law, perfoTTn the addition that will show the , 
algebraic suiti of the currents entering any point and leaving anypolnt are 
equal to zero. 



2. Using KirchhQff's 'Current Law,. solve for the current through resistor 

R3 (M3). V 




3. 



Use the diagram in question it and the value you arrived at for question #2* 
tt) solve for what meter'^Mu will measure. 
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Task A , 



EL-BE-T8 
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Jumper wires will be labelled with the letter J. They will connect two termin- 
als. The terminals are^abellfed with letters A through M. Remember t)^at the J 
and - refer to the way y6u,will connect the meters' when you remove the jumper^ 
wires. ' " * 



Step 1. Construct the following circuit on vour breadboard' 




-r. t 



SET SUPPLY 
TO ^0 VOLTS 




> 4(H)f>' 



R,*> 20.000-^ Ra<IO,0OO-^ f?3 




1000 



t 



step 2., 
Step 3. 
Step 4. 



Make sure all jumpers are in place. 

Set your multimeter to read 250 oifl^ 300 mA. 



Remove jumpier Jj and install your meter between the two points 'A' 
and 'B.' Be sure to ol^serve correct polai^i'ty when^ installing your 
ammeter. Polarity is marked for each jumper. 



step 5. Set your power supply to'+20 Volts O.C. 



A 



Step 6. Read the current entering the three rjesistors 
Step 7. '(^epVace jumper J,. ' . • 

. .■ 2.08 



mA.' 
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Step 8. Remove jumpei^ J5 and install your meter between points 'L' ^and 'M.' 

Step 9. Read the current leaving the resistor network. m A. 

DISCUSSION: The current entering the resistor network^ should equal the;current 
leaving the resistor network. If your readings in #tep 6 and Step 9 do not 
match, consult ^our instructor for assistanci^ • '- , 

• Step 10. Replace jumper J5. ' ' . 

Step 11. Remave j-'iimper J2 and insert your^meter to measure the current through 
^ R\ and record the value.; ^niA. 

Step 12. Remove jumper J2. • ' 

Step 13. Remove jumper J 3 a/id insert your mpter to measure the current through 
Ro and record the value. m A. 

5,tep 14. Replace jumper J3. ' 

Step 15. Remove jumper and insert your meter to measure the current through 
. resistor Rq and record the value. m A. 

Step 16. Recordthe currents measured for each/resistor below from steps 11, 13, 
and 15. ♦ . * 

From Step 11, current through .Rj mA 

From Step 13, current through R2- mA ^ 

From Step 15, current through R3 mA 

"step 17. Total all three currents afnd record the value. - mA. 

Step 18. Record the current entering the network, from Step 6. mA. 

* • 

Step 19. Record the current leaving the network from Step 9. mA. 

r 

Step 20. Did the three currents fof Ri, R2. and R3,eqj(ial the current entering - 
the netwo/^k and leaving the network? ■ 

DISCUSSION: The totavl amount 'of current flowing through all three resistors 
should equal the amount of Current entering th€f three resistorsojind leaving the 
^ three resistors. Due to the resistor tolerances and* the exact way you read 
your meter, your answers may vary plus* or minus 10%. , \ 

•» 



Step 21'. Obtain your instructor's evaluation for Task A. 

■ - ) 
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Task 



i.i-fu;-ia 

-Kjirchhoff s Current I ay^ 



JDinper wires will be labelled with' the letter/ J. Jhey will connect two terminal 
The terminals are labelled with letters A through M. Remember that the + and J 
refers to the way you will connect th^Srteters when you remote the jumper wire^ 



(D 





















-6 



SET SUPPLY 
TO 15 VOJS 



■ ^1 




>.ocfo-^ R3 V 1 060^ 




step 1. . Construct the same circuit t)iat you'used for Task A as illustrated 
in the diugram above. >/ • , 

/ < 
Step-2. Make sure alljumpers are in place. # 

Step 3. Set your mul timeter to read 2^-300 m 

Step 4. . Remove jumper J, and install your meter between the two points 'A' 

and 'B.' Be sure to observe the cOr'rect polarity when installing your 
ammeter. Polarity is marked for each jumper. 

Step 5. Set your power supply to read 15 VDC. 

Steppe. ^ Reaxi the current entering the resistor network. " mA. 

Step 7.' Replace jumper J^.' - ^ ' 
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Step 8. Remove jumper and install your meter be.tween points, ' L' artidl 'II.' 

Step 9. Reco^ the curlrent leaving the resistor network, '.j Hie 

currejaj^ entering the resisto^ network should equal.*thej:current le^v- / 
\* ing the resistor oatw'Srk. If your readings in Step ,6j'^nd Stpp 9"' do. 

not match, consult your instructor. '•. . , . ' '■ 

step 10. Replace jtjmper J r,. ' . ' • , ' 

* , . ' „■ ■:.'■. ' > ■■■ 

Stpp 1l. - Remove jumper J2 and insert your meter to measuVfe.' the, current through 
Ri and- record the v*lue, ' .mA. ':': \. ^ . « - . 

Step ,12. Replace jumper J2. ' ■ : 

- . ■ './■.,■■»''''■ 
step 1-S. Remove jumper J3 and insert your meter to mea'surei the current thrpug> 

f resistor R2 ^nd record the' val ue. mAi ' , , ... 

step 14. Replace 'jumper J3. ' ' , ; 

Step 15. Record the total current entering theresistor branch that was 

measured in Step 6. ■_. • ' . , • ' 

Step 16. Record the currents leaving point N that were measured in Steps 11 

and 13. • ' ' .\ ', 

Current through resistor Rj from Step 11. mA. 

Current through resistor R2 from Step 13 mA. ' .: 

Step 17. Total the known currents leaving the branch at point N by adding the 
two values in Step 16 above. mA, 

DISCUSSION: The .total current entering the branch or entering point 'N' is 
measured at jumper Jj. ^Two of the three currents known to be leaving point 'N' 
were measured at J2 for- R, and at J3 for 'R2- To visualise 'these currents, ft 
is best to pencil in those values directly on tfje circuit diagram used for this 
task. Since you'Jcnow that the entering current must equal the leaving current, 
you can reason that the difference between the known entering currents and the 
known leaving currents mu*b- be -the amount of.currerit leaving point 'N' and 
going through resistor R3. ; 

Stfp 18. Subtract the two' known currents leaving point 'N.' from the entering 
current measured at Jj and record the value. * m A. 

.Step 19. Renoye jumper and insert your meter to measure the current leaving 
point •?!' via resistor R3" and- record the value. mA. • 

• »- * . ' ^ 

DISCUSSION< Steps 18 and 19 should.be close to the same valwe. In this task 
we chose tgrtake a coimnon- sense approach to solving for the unknown current. 
It is possible to use Kirchhofl['s Current Laws to solve this problem.. However, 
you should always try to vi'sualize the solution first. This will be of the 
g-reatest benefit when working on an electronic circuit. In the. information 
sheets you will tind the method used to solve for this kind^ of problem using' 
the math in Kirchhoff's laws, ' ✓ 

Step 20. Get your instructor.'. s evaluation. 



211 



■v'. •'•■^ ,EtrBE-V8 
' , Ki rc hlioff ' 5 Current'. Law 



•■'■•"y.i 



'i' V'.'., . •■; V'v '■■ .■■ ■. ' 

1. . UsIng' Kirchhoff' s Current Law, perform the addition that wi IT show the 

, .algebraic sum. of the currents entering 'any point.;iand leavii^g ^iny point 
' are eq^jlal to ziero. ' . , > ' • 



2-. Using Kirchhoff s Current Law; solve for the current through resistor 

.R3 (M3). 

-' — — / •. V — — 




\ 4 




Use the diagram in question #2 and the value you. arrived at for question \ 
#2 to solve for what meter Mi, will measure. . ; ; . ' 



A. 
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' .'I' 



f \''V 'i< , 



»• y MpVeted FtnaT'Tfesp'wIt^^^ accuracy 



'=•.1! . ■'.». 



^* 'Completed Task A, I i 
' .ion Kircfjhoff 5| Cyfrent L^ws 

7t .CoiTip.lfete(^ TasK ,b/ 1 . . 
"on *KirchHff,'(S (/tirrent Laws 



Kirchhoff s Ciifrent Law ' 



•OK 



R€-l)oV • 



When all che/ck's iridicate OKv proceed to the next Tearriing package. 



■ \ 
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Answers 



1. I,/. + tin + .3A = 0 



R . 



; (-.1A).+ (-.Ja) > .3A - 0 

2/ M3 current equafs 1.6A* 
♦Algebraic proof optiona^l 

+ L t 2A « 0 
(-4A) + lo ;f'2A = 6 



(-.4A) + 2A = 



1 .6A = -I 



R. 



1.6A 
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3. M, 



2A 



♦Current is the same in all parts of a series circuit. 
♦Current „entering the branch will equal the current leaving the branch. 
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KIRCHOFF'S VOLTAGE LAW 




Goal: 



th(» apprentice will be able to use 
Kirrhoff's liSw in, solving voltage 
i)rol)l(»ms. 



Performance Indicators: 



1. Describe Kirchoff's 
Law. ' 



2, Solve unknov/n voltages through 
* the application of Kirchoff^s- 
Law. 
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dbjectives 

Given; 

Resist(>rs of dif/%rent values . 

multimeter «v 

A circuit breadboard for constructing'^ ^ 
simple circuits- 



A power s^f^]y 



A Final Test on Kirchhoff's Voltage 
Law 



Directions 

rEain the following: 

HfZ each 1000 phm rfesistor 
1 each 100 ohm resistor^ 
1 each 470 ohrti resistor" 
A multimeter 

A power supply capable of 30VDC 
A circui tf*1)readboard 



EL-BE-19 
Kirchhoff's Voltage Law 

* 

The student will : 

Mark the correct polarity across 
resistors In a series circuit. 

Apply Kirchhoff's Voltage Law In a- 
simple circuit with one voltage ' . 
source. . •. 

Solve for an unknown voltage using 
K1»/chhoff's Voltage Law. ' 

Compile a final Test with an acqu- 
racy •9t\80 percent. 

A » 



ERIC 



Learning Activities 

^_ Study the Key Words Hst. " 

Read the Information Sheetv. 

Do the Self -Test. , 

Do Task A for Ki rchhoff s Voltage Law. 

_____ Do Task B for Ki rchhoff s Voltage Law.^ 
Complete Final Test. 



Obtain Final Evaluation. 
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Kifc^iip^ tage,law'.;;: 



•■:\;;Key Words ' • \ • ',''!:rvv'"'\^ ">•,;, '"Lx 

, 'Kirchhoff's Voltage Law : The algebraic sum of the vcjltage sources and IR^^rops 
must total zero around any closed path. 

Algebraic Sum : The result of adding positive ^and/or negative numbers.^ In ^ 
.electrital circuits: ' \ 

. . ^ ■ . ■ ■ '■' ■ ^ : ■ J 

. A. Voltage dro^ are assigned a n^ative value (-). ' 
B, ^ Voltage sources are assigned positive value 

Closed Path : Another' name for a circuit that makes a complete loop between 
' the plus (+) aad minus (-Kpointi of a voltage source. , 

IR Drop ; Same meaning as voltage drop.. (Notice the I and R are on the same 
'^line. When E « I x R applies to the vpltage across a resistor* the letters 
IR may be -Uised to mean voltage drop. ,. - 

^ A. IRj ■= voltage drop across resistor R^. ' 
' B. Ifto ' voltage drop across resistor R,. 

Remember that 1^. (the R dropped below the I) stands for current flow through a 
0 resistor. ■ 

IR: (symbol) Specifies a certain resistor. . ' <» 

> ' Ri = resistor number 1 in the circuit. 

R^ = resistor number 2 in the circuit. . 



■4k 
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Kirchhoff s Voltage Law 

Information Sheet 

V 

KIRCHHOFF'S VOLTAGE LAWS FOB ONE SbURCE 

Kirchhoff s Voltage, Laws -are of particular in^ortance because .you will use a 
voltmeter more often than an ammeter in analyzing a circuit. Hence, you will 
be working with voUages. Technically statedrKirchhoff's Voltage Law says': 
"the a>gebraic sum of the voltage sources and IR voltage drops must total zero 
around any closed loop." Stated more simply , if you add all the voltage drops 
together in a series circuit, the total voltage drops will gqual the applied 
voltage. Oh, oh, that word algebraic sum again. 

Remember that we can do an algebraic sum b^^ause we assign either , positive or 
negative values to our numbers. Voltage drops are assigned negative (-) 
values and the voltage sources positive (+) values. 

In the following . illustration, the Voltage drops will be marked as follows: 
I^Ri = -2V, IR2 = -4V, IR3 = -6V and IR^ = -8V. 

When you begin with an applied positive voltage and then have a series of 
voltage drops, each drop will cause the voltage at the end of a particular 
resistor to be less positive, or negative, as compared to the applied voltage. 
This can be more easily seen if you consider the direction of electron current 
flow through the four series resistors. 'Electrpn current always travels from. a 
negative value to a positive value. With this in mind we are able to mark the 
polarity of the voltage drops acoss each resistor by starting with a (-) value 
at the bottom of* resistor Ri, since ifis hooked directly to the (-) terminal of 
our voltage source. We then follow with (-) to (+) markings across each . 
resistor until we get to the positive terminal' of the voltage source^ To get a 
better idea of this except, study the following illustration. 



'-d/RECti(;nofcurremt- 



>2VpLT DROP 

^V^OLTOfiOP » 
i,\OLTDFDP 

8 W DROP 
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This next Illustration is. showing what the actual measured voltage would be at 
the end of each resistor. The meters Mi - M4 would read as follows: 



Ml 

M2 
M3 
Ml* 



20'volts 1e5s 0 drop or 20 volts 

20 volts less the 2 volt drop across Rfor 18 volts 

18 volts' less the 4 volt drop across R2 or 14 volts 

14 vqlts less the 6 volt drop across R3 or' 8 volts 




-DIRECTION OF CURRENT RjDWj 



Notice that the meter in each case in the chart above measures' what voltage is 
left over after subtracting the voltage drop. Be careful not to confuse the 
-fc measured voltages with the voltage drops. The voltage drops are' the values 
that would be read on a meter if the meter was placed directly across (in 
parallel with) each resistor. The polarity signs (+) and (-). indicate how you 
would plac€ the meter probes when making these measurements: the (-) side of 
the meter to the (-) side of the- resistor and the (+)-«ilde^of the meter to the 
{ + ) side of the resistov^^ This type of circuit ;is. often referred to as a 
voltage divider because the voltage is divided ilp-betwcien the different 
resistors. 

Now, let's get back to the problem of taking the algebraic sum so-we can, prove 
Kirchhoff's, Voltage Law,* 

Let's add up all the voltage drops in this series circuit on the following" , 
page and see what we get for an answer. j 

c 

• IRi T 2 voUs 
IRi, = 4 volts 
IR3 » 6 volts 

* IRii ' 8 vol ts 

2Q volts total (Does this number look familiar?) 
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■=r E--20V 



^WRECTION OF aECTRON 




Twenty volt? is the same value as the applied voltage from our battery. You may 
be getting ahead of me, but let's try to apply Kirchhoff's Voltage Law for this 
circuit. 

Remember the law states that the "algebraic sum of the voltage drops plus the' 
applied voltage ruust equal zero." - „, 

Getting back to an earlier rfule involving the numbers, remember that the drops > 
will be assigned (-) values and the applied voltage (+) values. 

The drops total -20 , volts and the source +20 volts. Let's add them together. ' 
(-20) + (+20) - 0. This proves that Kirchhoff's Voltage Law works in our circuit. 

Let's try another example of how we can apply Kirchboff's' Law by considering 
t;he fol'^owing ci^rcuit. ^ 4 





yOp" METER 



0 



V 
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With a three volt drop across Ri, what is the vpltage you would measure between 

'point B and the negative side of the battery? Did ypu guess seven 

volts? You are correct if that is^he value you picked. The ten volt supply^ 
less the three volt drop across resistor Rj equals seven volts left. NOTICE • 
the measuring from B to the negative terminal of the battery is the same read- 
ing that you would get measuring across. R2 as the bottom of R2 is connected 
directly to the negative terminal of ^the battery. 

t.et's try a little more difficult circuit and see if you can use the same rule 
to solve for an unknown voltage. . • 

, Study the circuit below: . • 




CURRENTS CX)MBlNE~Clr ® 
IR<,*3V 




REMEMBER the. drops are considered 
negative and'the source positive. 
First, let's try a little simpler 
app/oach to this problem by putting 
down some figures that we know 
.about this circuit. „ 



I 



First: 



Add up the known vbltag^ drops. (-5) + (-3V) = -8V* 

*Be careful to include onliy^ohe 3V drop when adding all the drops together. 
Voltage drops across parallel resistors are NOT separate drops. 

Second: Let's add the voltage drop total to the source. 
(-8V) + (+20V) 12V 
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^hird: We know that the aVgeUraic sum of those two values^* should equal zero? 
therefore* the extra 12 voj-ts^ must be the drop across resistor R,,. • 

•Fourth: Let's prove it by adding that/value to our voltage drops. Me- need 
to add up the drops: (-5V) ^ (-3V) + (-12V) = -20V. Next Wd this 
value to our voltage supply of +20V. 

Adding, we get (-20V) + (+20V) = 0. Since the- albegraic sum now equals- zero, 
the 12 volts must be the correct drop, across R2- Algebraically it could be 
written as follows: » f / / . 

-5V) + (IR2) + (-3V) + (+20V) - 0 

-8V) + (IR2) + (20V) = 0 . . .. • ' 

(-8V) + (20V) = -IR2 

(+12V) = -IR2 * * • ^ 

IR2 = -12V • * - 

The above mathematics is an algebraic proof (which may be confusing if your 
algebra is slipping), but the answer that took all the math^lt the samevanswer 
that you got just using some common sense. Perhaps you can see why we stress 
understanding the problem first.^nd always trying to visualize a common sense 
approach before beginning the mathematical approach. In tfyis way, when you* do 
more complicated math, you will have an idea of the correct answer before ydu 
begin. , - 

Kirchhoff's Laws can be expanded to include many more complicated circuits,-^ 
some including two voUage^sources. These you will learn in a later course 
if you ^ide to continue your Electronics trainirvp.. ^ . " 
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Self-Test 



1. Using Kirchhoff's Vol Age Law. perform the addition tha^ will show the 
algebraic sum of the -voltage source and IR drops will equal zero around 
any closed path. 



12 VOLT 
SUPPLY 




2. Using K1rchhoff*s Voltage Law, solve for the voltage drop across ^2 



20V0LT 
■ 5UPaY 



R7 




3, Usiflg K^x<;jihoff 's Voltage Law, solve for the voltage of the battery. 



VOLTACe - ? 
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Answers 



1. {-4VIRi) + (-2VIR,) +J(-6VIR3) + (l^2V) = 0 
(-12V) + (12V) = 0 



2. IR2 8V* ^ . . 

*Ma thematic proof optional 

Possible approach could be simply to 'use the »*ule that the sum of all 
voltage drops must equal- the supply voltage. 

■ (-:viR|) + {iR,,).+ i-^JviKj), + 20V 0 

(-12V) + (20V) = -IR2 - . 



The simplest approach would be to consider that the sum of the voltage 
drops has to equal the supply. 

''4- 

Mathematical proof: 
(-6VIR1) + (-12VIR;,) + V = 0 



,8V = -IR2 



.-8V = IR2 




3. The battery voltage. = 18V 



-18V + V = 0 



V = 18 volts • 



• 
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. .. . , a-B£-l9 

. . < " ' Kirchhoft's -Voltage Law 

V Task A ^ , V - 

Obtain the following: ' 

1 each 100 ohm resistor 

2 each 1000 ohm resistor ' " " . 
1 each 470 ohm resistor 

T each" multimeter * » ' " ' • 

1 each power supply capable of >30V,DC ^ ' 

1 each circuit breadboard . * 



•. ..■ i 

Construct the following circuit on your breadboard: * 




St|£n- Determine the coVrect polarity {+) and (r^ across each resistor and mark 
the correct symbol at each end of each resistor on the above diagram. 

Discussion: Remember to begin at the negative end of R,. That is the end of 
the resistor connected directly to the (-) side olF th? voltage supply. Voltage ' 

of"e^le"ron^cSi:?e:rnow'"" ^"^ '° ^'^^ '''' ' 

Step 2 ; Obtain your instructor's evaluation. 
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# Kirchhoff's Voltage Law' 

Task B . 

Use the same circuit constructed for TasK A. 

* 

Step 1: bet your power supply to +20VDC. 

Ste£ 2 : Measure the voltage drops across each resistor and record in the chart 
belowT ^ , 

' ^~ . IR2 V 

Remember to put the meter 

probes across each resistor IR3 V 

according to the polarity . . " 

you marked on the diagram. ■ ' IR4 -V . 



Step 3 



Step 4 



Step 5 



Total all the voltage drops in Step 2 and record. V 

Record the voltage supplied by the power supply. y 

Do 'Steps 3 and 4 match? • 



Discussion: Your answer should be yes. You may notice a sjight difference due 
to rounding off the numbers or slight measurement error. All the voltage drops 
should add up to equal the applied voltage in any series circuit or closed 
loop. 

* 1 

Step 6 : Complete a mathematical proof using Kirchhoff's Laws that prove the 
"algebraic sum of the voltage drops plus the Applied voltage equal zero." 
Remember to assign negative values for the drops and positive values for the 
applied voltage. Put your answer in the space provided below. ' 

Step 7 : Obtain your instructor' s- evaluation, 



;.■ -13 V ■ ■** 



• EL-BB-19 
Kirchhoff 's^Voltage Law 



Task C 

Use the same circuit used in Tasks A and B. ^ 

Step 1 ; Reduce the appliel voltage to 15VDC. 

Step 2 : Measure a,nd record the following voltage droops. 



step 3 



Step 4 



Step 5 



Step 6 



IR2 



I'otal all the voltage drops from Step 2 and record. 
Record the applied voltage from the power supply. 



V 
V 
V 



Do the voltage drops total to equal the applied vdltage? 
Explain why the two values of voltages are not equal. 



ERIC 



Step 7 : Without measuring th6 IR drops with a meter, estimate what the voltage 
drop should be across resisitor R3. ______ V. 

Step 8 ; Using a meter to measure the voltage drop across R3, measure and 
record the voltage drop. . 

Discussion : You should recognize that when ALL the voltage drops are added 
together they wMll equal the applied voltage. You should be able to estimate 
the unknown value of IR3 by taking the difference between what you know to.be 
the total applied voltage and* the known voltage drops. 

Step 9 : Using the v^ilue of IR3 obtained from Step 8 above, add up all the 
voltage drops and rec6rd below, v 

* . IRi V , 



Total of drops 



The new value of the total drops should equal the applied voltage in 
because all resistor drops are now included in the answer; 




Step 10 ; Obtain your instructor's evaluation. ' 



14 
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Final Test 



1. Using Kirchhoff s Voltage Law. perfonn the addition that will sW the 
algebraic sum of tfie voltage source and IR drops will eqii^l zero around 
any closed path. Show all work. ^ 




2. Using Kirchhoff s Voltage Law, solve for the voltage drop across Ro 




IR2-W 



3. l|sing Kirchhoff 'S' Vol tage Law, solve for the voltage of the battery. 



— V--? 




V 



15 



S30 



- ^ EL-BE-19 

• ' Kirchhoff 5 Voltage Law 

.# - ■ . 

Final Evaluation , ^ 

• - OK' Re-Db 

Completed final Test with an accuracy 

of 80 percent , 



Completed Task A 
Coniplet^ed Task B 
C 



When all checks indicate OK, proceed to the next le2frning package". 
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6.12 



SERIES" RB6ISTIVE CIRCUITS 





0 



The apprentice will be able to 
compute VQ^-tage, current an4 
resistance in a series circuit. 



Performance Indicators: 



1* Compute current. 

2. Compute resistance. 

3. Compute voltage. 



BASIC ELECTRONICS 



Series Resistive Circuits 
EL-BE-20 



Test Draft 
Septen^r 1981 
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Objectives 



' .EL.BE-20 ; 
Series Resistive CfrQMits 



61 ven : 

A power supply and four 
resistors connected in > 
series 



Questions and problems 

Directions 



The student wi 1 1 : 

Calculate the total resistance. 

Calculate the current in the circuit. 

Calculate the voltage across each"^ 
resistor. 

Connect the circuit together and ^ 
^measure the current and the voltagesj 

Connect a circuit consisting of the 
power supply and a single resistor of 
equivalent value and remeasure^the 
current. 

Complete a Final Test with an accuracy 
of 85 percent. 



Obtain the following material : 
DC power supply 

Resistors (1/4 W. 2%)* 330. 470. Ik. 1.5k. and 3.3k ohms 

Any DC voltmeter and ammeter (separate meters or a combination meter) 

Interconnecting leads or wires to connect the parts 



Learning Activities 



/ 



Read Key Words list 

Read Information Sheets 

Do Sel f-Tests 

Do Task 

Do Final Test 

Obtain Final Evaluation 



ERIC 



* 1/4 wat;: minimum, 2 percent suggelted tolerance 

3 
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Key ^ Words 



EL-BE-20 

Series Resistive Circuits 



J 



Absorbeitl energy/power ; Power or energy consumed by an electrical component or * 
circuit. " 

Charge (to) ; To supply power to a device that can store energy such as a 
battery. 

Equivalent circuit ; An electrical circuit that Is equivalent to another more 
complicated circuit In the sense that It draws the same amount of current from 
a voltage source as does the original circuit. 

Equivalent resistance : A single resistance equivalent In value to the combina- 
tion of two or more other resistors. 

IR drop f' The voltage drop associated with a resistor. , 

Power dissipation ; Power absorbed In an electrical component. 

Series connection ; A method of connecting electrical components so th|t one 
end and only one end of tach component connects to each of the other components. 

Supplied or delivered .power/energy ; Power or energy produced or given up by a 
^source such as a voltage source like a power supply or battery. 

Voltage drop ; A decrease In voltage cause?^y an e)ectr1cal component absorb- 
ing energy or power; current entering the more negative ftnd of the component 
results In a voltage dro^^cross the component In the circuit. 

Voltage rise : An Increase" In voltage caused by a source supplying energy or . 
power to a circuit. 



V 
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Information Sheet No. 1 



el-be:«20 

Series Resistive Circuits 



When two or more Resistors are connected end to end» they are In series. f)he 
lead of one resistor connects to on]y one lead of the next resistor and so on. 
The current leaving one resistor Is exactly the same current' that enters the 
next resistor. So the current Is always the same for any resistors In* series 
with each other. In Figure 1 the current is 12.5* mA in each of the three 
resistors and also in the voltage source^ . 

Suppose you were not told what the current was. You only know thre resistance 
values and the source Voltage. You can solve for the current by 'knowing how 
resistors combine when they are in seri'es. 



Ir)2,5mA 

' til f^h-ioo-^ 

-T 




Resistance in Series Adds 

Suppose a piece of wire is cut from a spool of wire, and then a second piece is 
cut that is twice as long. The. second piece will have twice as much resistance 
as tTie first. Also, twd pieces of the same length connected together in series 
win have twice the resistance of each of the single pieces. 

In Figure 1, the total resistance in the circuit (c^l led R^) is the sum of 
the resistances of all the, resistors.'^ 

"Rt ■ Rl * R? R3 
Rl « 100 n, R2 ■ 200 'fl, R3 - 500 ft, so Rt ■ 100 200 500 ft 

Rt -800 ft 

The total resistance of resistors in series is always LARGER than the resis- 
tance of any one of the resistor.s. . > 

To find the current in the circuit replace all of the resistors by a single 
^rjtsistor with a value equal to the total resistance. This resistance is called 
the equivalent- value of resistance or Just equivalent resistance. 
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Series Resistive Circuits 



Figure Z Is e(^u1valent to Figure 1 In the sense that the^ same current flows 
from* the voltage source. ^ 



Apply Ohm's law to the circuit of Figure 2. 
E 



Rt 
lOV 



I = 0.0125 A » 12.5 mA 



^ I = 12.5 mA 



iOV 



•I 



I - 12.5 rM 



600 



SI 



Figure 2 



Example \ 



I50V_— ^ 




E = 
I50V 



-L 



Equivalent CircQit 



Rt Rl + R2 + R3 + R4 
Rt = 2.5k + 7.5k + 5k + 15k 
Rt » 30k K 



I 



Rt 



E • 150V; R^ - 30k 



, 150V \ 



You should remember from the Metric Prefix package k - 1000 and m ■ 1^ " OjOOl* 



. So I = 30 x^tooQ ft • 0.005 A « 0.001 x 5 - 5 mA 
^^^""^ " " ^ '"'^ Since k - 4- and m - ^ 



m 



"IT 
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. ' * Series Resistive Circuits 

Self-Te^t No. 1 

1. Four resistors are connected in series. Their resistances are 125, 850, 
75,. and 300 ohtns respectively. What is the equivalent value of resistance 
fof the -series combination? 

2. Detennine the value of current in each resistor and the source. 

-T ^ 




\ 



r 
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Information Sheet No. 2 
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Review of KVL ' ^ . 

Now that you have learned how to calculate the current in a series circuit , you 
can prove Kirchhoff's voltage law still works. 

Going back to Figure 1 before the example, you can calculate* each of the 
voltage drops. The current was 12.5 mA in the cVcuit of Figure I, 



( 



I X R « E 



For Ri which was lOOn the drop is IRi - (12.5mA) x (100") - 1.25 volts 

For R2 200n . IRg «■ (12.5mA) x (200 fi) - 2.50 volts 

For R3 - 500ft . IR3 « (12.5mA) x (500ft) » 6.25 volts 

The total voltage drop Is ' ' , I0.t)0 volts 

The source voltage is E - 10 volts, so the source' voltage minus the voltage 
drops Is lOV - lOV - 0 volts. ^, 

Also, in Example 1, I ■ 5 mA and, * 

IRl = '(5mA) X (2.5k) » 12.5V 
1^2' (5mA) X (7.5k) - 37.5V 



IR3 = (5mA) X (5k) 
*IR4 = (5mA) X (15k) 
Total drop ^ 



25V 
75V 



150V 



RX - 2.5k 
R2 » 7.5k 
R3 • 5k 
R4 - 15k^ 
E - 150V 



so. E - 150 « 150 - 150 - 0, and KVL Is again demonstrated. 

Voltage Sources in Series 

Voltage sources in series add in the same way as resistors, with one Additional 
conce-rn. The polarity of each source must be the same before the values are 
added. If the polarity is opposite, then th^ value must be subtracted instead 
Of added. ^ 



For example 



Is equivalent to 



and 



is equivalent to 



4- 



lb 



\ 
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Series Resistive Circuits 

Here «re two exiles to show how to solve series circuits with more tlirt one 
voltage source* f . ' . 



Example 2: 



,0V _J 

• I — 



4^ 



15V -T 



Equivalent Circuit 



In the equivalent circuit . 

f • . ■■ 

h = El ♦ E2 and R^t " ^^1 * '^2 ^3 + R4 •♦• R5 



15V 



So I 



I 



JE 
R 



lOV + 5V 1500 n « 150 + 700 + 250 + 100 + 300n 
- » where E^ - 15V and « 1500fl 



15V 



7^ 0.01 A - 10 mA 



KVL also holjls for series circuits with more than one source, but it must be 
modified slightly. 

The sum of voltage RISES from voltage sources MINUS the sum 6f voltage DROPS 
equal Sv ZERO or the sum of voltage RISES EQUALS the sum of voltage DROPS. 

* • ■ 

The voltage rises are always due to a source. If the current enters the (+) 
positive end. it is a voltage rise. 

The voltage drops are almost always due to resistors (IR drops), but may also 
be due to a source that is charging, which means absorbing energy rather than 
supplying energy. If the current enters the (-) negative end. then it is a 
voltage drop whether i/t is a^resistor or a source. 

In this example (Example 2) there are .twa voltage rises. Ei and Ep. Notice 
that the current is entering the (t) end of each source. • I 

El « lOV and Eg * 5V, so the total voltage rise is lOV + 5V • 15V. 



a-BE-20 

Series Resistive Circuits 



There are five voltage drops. Remember that IR means voltage drop. Notice the 
current enters the (-) end of each one. • 



IRl « (O.OIA) X (150n)^ 1.5V 

IR2 - (O.OIA) X (700n) - 7.0V 

IR3 « (O.OIA) X (250") - 2.5V 

IR4 - (O.OIA) X (lOOn) - l.OV 

IR5 » (O.OIA) X (300") • 3.0V 
Total I drops 



I - 0.01 A Rj » 150n 



R2 " 700n 

R3 - 250fl 
R4 - 100ft 
R5 - 300n 



15.0V 

and you see that total rise (15V) equals total drop (15V). 
Example 3: ' 

•f - — I - 



HI 



SV 



15V - 



T 




Equivalent Circuit 



Rt = Rl + R2 * R3 

Rt ».1000 + 500 + 1500 - 3000 n 

I - - -^m- - .005A 



Et- El + E2 - E3 

Et - 20 ^5 - 10 - 25 - 10 • 15V 



_E_ 

Rt 



also^lnce 3000 n » 3k 

✓ 

15V _ 15 



I 



IT 



mA " 5fHA 



) 



The sum of the voltage rises Is only Ei + Eg since current Is entering the (-) 
^ end of E3. 

SO' voltage rise equals 20V + 5V ■ 25 volts 

The voltage drops are: / 

IRl « (5mA) X (1000ft) » ,5V * • ^ 

IR2 » (5mA) X (500ft) « 2.5V 

IR3 » (5mA) X (1500ft) •^7.5V 
E3 " lOV 
total drops • 25V 



and because the current Is entering (-) end of E3 



which equa^^the total rise of 25 volts. 
10 
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Self-Test No. 2 



EL-BE-20 

Serlei Resistive Circuits 



1. Calculate E^. 

2. Calculate^. 

3. Determine the value ^and direction 
of the current In each element. 



50^ 15V 



—2^ 

-"T 250A 




0 
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Power In Series Circuits 



/ 



The total power absorbed 1f( any circuit is the sum of the powers absorbed In 
each element of the circuit. ,It doesn't matter how the elements are connected 
so they can be connected in other arrangements besides In series. 

The law of conservation , of energy s^ys that the total energy supplied must 
equal the tota-l energy iibsorbed. 

This means that the total, power supplied by all of the sources that are 
supplying power must eqii;*! the total power absorbed by resistors (or sources) 
In the circuit. If a source is charging, it Is absorbing power. It Is charg- 
ing If the current enters the {-) end as it does in a resistor. 

Review the formulas from the POWER/WATT'S LAW package. The necessary formulas 
are repeated in ^he REVIEW OF FORMULAS section below. 

Refer back to Example 3 to demonstrate the use of these formulas in series 
circuits. 

E X I - P 



El is supplying Ej x I « (20V) x (5mA) 
E2 is supplying Eg x I « ( 5V) "x (5mA) 
Total power supplied 



100 mu 
25 (tM 

■ 

125 mw 
- 50 tiM 



25 (iM 



E3 is absorbing E3 X I - (lOV) x (5mA) 
Rl is absorbing- l2 x Ri » (5mA)2 x (Ik) 
or (.005)2 X (lOO'O) - .025W (25rrtM) 
R2 is absorbing l2 x Rg • (5mA)? x (.5k) • 12.5nM 
R3 is absorbing l2 x R3 - (5mA)2 x (1.5k) 
Total power absorbed 



Ei - 


20V 


CIRCUIT 


E2 - 


5V 


VALUES 


E3 - 


lOV 




I ■ 


5mA ■ 


.005A 


Rl,* 


1000 - 


Ik 


''I 


500 « 


0.5k • 


R .-i ^ 


1500 - 


1.5k 



37.5nM 



<■ 125 mw which equals total power 
supplied 

REVIEW OF FORMULAS FOR SERIES CIRCUITS 
h " R2 ♦ R3 + and so on " 
Et * El ± E2 ± E3 ± and so on; t means ♦or - depending on polarity 
P = E' X I for sources or resistors 
P - l2 X R 



e2 



for resistors only 



12 
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1. Calculate the power supplied or absorbed In each of the elements In Self- 
Test 2. 

2. Show that the power absorbed equals the power supplied In question 1. 



EL.BE-20 

Series Resistive Circuits 

Self-Test No. 4 i 

* '• ■ • 

. .. • * 

1. When two or more resistors are In series they have the same 
a. voltagie. b, current. c. power* d. value. 

2. To find the Equivalent value of resistors In series, the resistances 
must be 

. a. added. » b. subtracted. c. multiplied. d. divided. 

3. To find the equivalent value of batteries In series, the voltages must be 
a. added. b. subtra<;ted. 

c. either added or subtracted depending on polarity, 

d. either multiplied or divided. 

4. Four resistors (100, 20Q, 500, and 50 ohms) are In series. The equivalent 
resistance Is 

a. 150 ohms. b. 500 million ohms. c. 850 ohms. d. 1300 ohms. 

5. Solve f or„ the value of current: 

a. 3.3 mA ■ 

^ ^ 1 -^AA^^^AA^^— TV 



c. 5 mA 

d. .05 A 



5(0V— » 



« A/W — — ' 

6. Solve f&f:i the value of current: " 
^ Hj^AA^ i\^\~r 

a. A5.03;A '^f^ , ^'''^ 

b. 25 mA 1 "WV^ 

c. 1.05 mA i^k 

d. 1.05 A A 

7. Solve for the power supplied by. the 50 V battery In question #5. 
a. 250 mW b. 50 mM c. 25 W d. 150 mW 

8. Solve for the power absorbed by the circuit In question #6. 
a. 5 mW b. 1.5 mW c. 75 mW d. 126 m 



14 

24^ 



EL-BE-20 
Series Resistive Circuits 



Find the total equivalent voltage of the sources: 



a. 3V b. 6V c. 9V ^. 15V^ 

A. 

. ...... I « 

B. 



A. 4|l|HrTlH^^ 



6V| 




Find the equivalent value of resistance and voltage In the circuit; then 
solve for the value and direction of current. 



— 2CN 



AAA- 



500-^ 



J- 



IS 
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Task » 

Given .a power supply and the following resistors all connected In series » 330 » 
47(]t. 1 k» and 1.5 k ohms each. Set the supply to about 9 volts. Measure the 
supply voltage with the voltmeter. 

Calculate the total or equivalent value of resistance. 

Calculate the value of current that would flow Iji the circuit If they were all 
connected In a closed (unbroken) circuit In series. See the figure. 

Calculate the voltage that wouTd exist across each resistor In thrf^lrcult. 

Connect the complete circuit according to the figure using the Interconnecting 
leads and Including the ammeter. Measure the current with the ammeter. 

&1sconn«ct the ammeter and measure the voltage across each resistor with the 
voltmeter. Remember to replace the ammeter^ with a short circuit to complete 
the circuit. 

Obtain a single resistor of value equal to the value calculated for the total 
resistance. Connect this resistor alone With the ammeter to the power supply 
and measure the current. Remember the resistor, ammeter, and battery must be 
connected In a closed SERKS circuit. 

All of the currents- calculated or measured should be the same. The reasons 
they may differ are: * 

^ 1. The meter causes errors In measurement. 1 
' Z, The actual values and printed values of the parts may differ. 
3. You may have made an error In calculation or measurement. 

Have your Instructor check your results. 



Arrangement for 
measuring current 
(note polarity) 



SET POWE 

SUPPLY 

TOW 



Arrangement for 
measuring 1.5 k 
resistor voltage 
(note polarity) 






+ 











VOLTMETER 



16 
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Final Test 



1« When resistors or other electrical components are connected in series, the 
current in each of the components will always be ' i 



a. zero. b. the same. c. diffeF^nt^ ■ ' 

2, Five resistors are connected In series. Two of the resistors are 50 ohms 
each, and three of the resistors are 20 ohms each. What! is the equivalent 
resistance? ^ 

■AA/^ -AAA- 

3. Solve for the equivalent resistance 
in the circuit. 



4. Solve for the current in the circuit. 



5. What is the total equivalent voltage 
of the two sources connected as shown? 



50V— 



33K 



I.5K 



An 



6. What is the total equivalent voltage \ru t t 

of the two sources connected as shown? J^|jj 



I 

7. A 5k resistor and a 25k resistor are connected in series to a voltage 
source. Which resistor is absorbing the greater amount of power?' 
Calculate the power in the 5k resistor if the voltage source is 10 volts 
Calculate also the power delivered by the 10 volt source. Remember to 
solve for the current first! 

25R 1 ■ 



8. Solve for the value and direction of the current. .50-^ 



AAA- 



.30V ^,5c 
lOV 
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OK RE-DO 



Calculated resistance and current. 
Calculated voltages. * 
Current measured In original circuit. 
Voltages measured In original circuit. 
Current measured In equivalent circuit. 
Final Test 85%. 



When all checks Indicate OK, proceed to the next learning package. 
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Answers 

■ # 

Answers to 'Self-Test #1 " 

1. Rt " 750'Ohms; Rt - 125 + 250 + 75 + 300 ohms 

2. The current is the same for all series elements. 
I " 2 mA or 0.002 A; I - ^ ; Rt 2k + Ik + 6k or iTt - 9k 

I « ^ or I « 2 mA 

1 ftU * 

also I • ^^gj- or I - 0.002 A or 2 mA 

Answers to Self-Test #2 

1. - lOV (same polarity as 25V source); ■ 25 * 15 volts 

2. Rt « 400 n; Rt » 50 + 100 + 250" 

3 I = 0.025 A or 25 mA In each element; Direction: 25V down 

50n to left 

Et loV 15V to left 

^ ' r7 ; ° Wfi lOOn up 

2500 to right 

Answers|^o Self-Test >3 

1. P25V " 0.625W supplied since current is leaving (-) end 
Pl5V = 0.375w' -* 
P5OV = 0.3125W 

absorbed since current is entering (-) end 

PlOOV " 0.0625W 

P25OV - 0.15625W ' \ 

Equatfons used: For sources (either supplying or absorbing) P ■ ExI 

For resistbrs P - i2r 

I « 6.025 A in all cases; E or R depending on value for source or resistor 
considered. 

2. <iJL0ta1 power supplied - 0.625W .ft* 
jpfel power absorbed - O.SasW - 0.3125 + 0.0625 + 0.15625 + 0.375W 

Pabsorbed « Psupplled since ' 

0.625W - 0.625W ' . * 
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i ■ 

Answers to Self -Test #4 



I 



b. current^ 

^ 4 

2. a. added 

3, c. either added or subtracted depending on polarity 
4/ c. 850 ohms * 

5. c. 5 mA ^ ■ 

■- .... , J... .J .. 

6. a. 5*03 v * . 

7. a. 250 idW '» ExI « 50x5mA; 

also - l24k + ihk + I^l.Bk + l2.25lc + l22.25k - I^lOk 
since power supplied equals power absorbed 

8. d. 126 n*j • l2(49f0) ■ (25V)xI 

9. A. d. 15V « 6V + 9V 

BT: a. 3 V = 9V - 6V ' , 

10. - 300 + 150 + 500 -f 50 - 1000 n 

I - -^51. . 0.025 A - 25 mA 

lOOOl 
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PARALLEL RESISTIVE CIRCUITS'* 



Goal: 



-ERIC 



'ihc appronlice will be able to 
cnltulato curnenL and resistance 
n parallel resistive circuit. 



Performance Indicators: 

1. Calculate total resistance. 

2. Calculate total current. 
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Objectives 

Given: • 

A power supply and 4 resistors 
connected in parallel " 

An ammeter and voltmeter 

A resistor equal 1n value to 
the 4 para^llel resistors 

Questions and problems 
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The student will: 

Calculate the total resistance.; 

Calculate the current in each 
\ resistor. 

Calculate the total supply current. 

Connect the circuit together and 
measure the currents. 

Connect the supply to a single 
resistor of equivalent value and / 
remeasure the supply current. / 

Complete a Final Test with an 
accuracy of 85 percent. 



Directions 



Obtain ^he following materials: 
A DC power supply 

Resistors (1/4 W. 2%)* Ik. 2.7k. 3.3k. 4.7k. 8.2k ohms 
Any DC voltmeter and ammeter (separate meters or a combination meter) 

4 f 

Interconnecting leads or wires to connect the parts ^ 
*l/4 watt minimum. 2% suggested tolerance 



Learning Activities 

study the Key Words list. 

Read tfhe Information Sheets. 



Do the Self-Test. 
Do the Tasks. 
Do the final Test. 
Obtain Final Evaluation) 



\ 
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Key Words 



Conductance (G) : The property of a component tJjat allows current to flow: 
the larger the conductance, the larger the current; the opposite of 
resistance. , 

Mho (u) ; A unit for conductance: 1 mho equals 1 amp divided by volt. 

Parallel connection ; A method of connecting electrical components between or 
across the same two voltage points in a circuit. 

Parallel circuit ; A circuit where all the components are connected in 
parallel . ^ * . - 

Sieman (S) ; A more mpdern unit for conductance, equal to a mho. 

Short' circuit ; A condition where the circuit resistance is zero. 
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Infbgnation Sheet . 

A parallel circiH.t Is one in which all of the components are connected In 
parallel. That means that each component Is connected between or across the 
sam6 two points. Figure 1 shows a parallel circuit and the two points are 
labeled point A and point B. As you can see, the voltage supply is also con- 
nected between the two points and determines the voltage between points A and 
B. The voltage across each and every component has to be the source voltage, 
and for this reason there is only one 
voltage, the source voltage, in a par- 
allel circuit. The current which the 
source produces divides at point A into 
the separate current paths through each • 
resistor. These separate currents 
recombine at point B to provide the ^me 
current entering the source as that 
/TMving the source. As you learriied in 
tW^Kirchhoff's Current law package, 

or in this c^se: 



I 



I, + lo + 1: 



Ii = 0.5A, I2 « lA, and I'a « 2A so, 
3.5A = 0,5A + lA + 2A or 
3.5A = 3,5A 




Figure 1 



Many times a parallel circuit will be drawn ,^rf actudlly connected together so 
that there are more than two points in the fJtKuit. In Figure 2, resistors 
R2 and R3 are connected together first 
to form points C and D before they are 
connected to the rest of the parallel 
circuit at points A and B. 

In' Figure 2 the currents in eao|j of the 

resistors and the total current are the 
same as they are in Figure 1. The 

voltage in each circuit\is also the same. 

The only difference be^een the two circuits 
is that extra curr^^ntpaths have been made 
between points Aydnd D and between B and 
C. If you mej^red the current in each of 
these extran;nres you would measure the 
sum of the currents in R2 and R3 or 
I2 + l3- - 




Figure 2 



In other words, connecting the parallel circuit in this way divides the total 
current from the source lin stages rather than all at once. First I, is sub- 



tracted from K at point A. 



What is left is K - Ii which also equals I2 + 



This remaining current dfVides at point D into the separate currents I2 and la 



ERIC 



258 



/ 



Parallel Resistive 



EL-BE-21 
Circuits 



In equation form, ■ 



II f f I; 



I^ - II = I2 + I3 

3.5A - 0.5A » lA + 2A 
3A = 3A 



subtracting Ii from both sides of the 

equation 
cancelling the Ii terms 

for the values of Figure 2 




Of cqjrse the currents add back together in stages, first at point C to form 
I2 + 13 and finally at .point B to form Ii '+ I2 + I3 which equals I^. 

• 

If it makes it easier for you to work only with the parallel circuit drdwn as 
in Figure 1, it Is ill right to redraw Figure 2 so that it looks like Figure 1. 
Just combine points / and D into a single point, and combine points B and C 
into a single point. 

In Figures 1 and 2 suppo§(B you were not told that the voltage was 6 volts, and 
that all you were told was the value of each resistor and the total current of 
3.5A. You can solve for the voltage by knowing how resistors apbi.ne in 
parallel. But before ypu do that, you should know what conducVli^is. Con- 
ductance is the exact opposite of resistance, 

A resistor with a large value of resistance has a small value of cS^nductance, 
and a resistor\with a small value Of resistance has a large value of conduc- 
tance. Conductance is the property of a cohiponent to allow or to accept current 
from a source, but resistance is the property to oppose or to restrict current 

flow. The, symbol for conductance is 6 amd mathematically, 6 ■ ^» ^ 

For a resistor with a value of resistance ^uaT to R ohms, its conductance G is 
'one divided by the value of That is the same as saying that conductance is 
the reciprocal of resistancej- Likewise resistance is the reciprocal of con- 
ductance. . Review the package on Equat^ipns if you are having trouble .urtder- 
stancfiog reciprocals. The unit for conductance is the mho. More recently the 
unii^ha) been changed to the Sieman or just S, but many people continue to use 
the mbi/»ince it is ohm written backwards. The mho is abbreviated by the ohm 
written upside flown y. For tbe three resistors in Figure 1 or 2: 




G, = 



1 

12ft 



. 1 
6u 



G3 « i and Ri « 12n, R2 - 6fi, R3 = 3n 



1 

In 



O.OB3« . Go = 0.167y 



0.333" 



•6 
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I ■ ■ ■ ■ 

Going back to* the original problem, given the resistances and the total current, 
solve for the voltage. First combine the parallel resistors into one equivalent 
or total resistance. For parallel resistors you add their conductances, 

• . . ■ * 

condIctance in parallel adds * 

Placing ^dditi-onal components in parallel adds to the total current and 
increases the conductance of the total circuit. Two resistors of equal value 
placed in parallel across a voltage source will draw twice the current as either 
one alone, ^nd the total conductance will be twice the conductance of either 
one. 



In equation form, = Gi + 62 + G3 and so on for parallel resistors. 
In Figures 1 and 2: 
G^ =0.0830 + 0.167U + 0.333U 



G, = 0.5830 



'^t ° G. 



t " OT5550 



1.715n 



Since the values for Gi . G9. and 63 were 
already calculated as 0.083. 0.167. and 
0.3330. 



I| = 3.5A 



= 3.5A 



G^-^.563 
R| ' 1.715 



The total or equivalent resistance of resis- 
tors in parallel is always LESS THAN the 
resistance of any one of the resistors. It 
is therefore always smaller tha(# the smallest 
one. Notice that 1.715fi is less than the 
smallest resistance of 3fi. Figure 3 is an 
equivalent circuit for both Figures fand 2. The voltage can now be solved by 
applying ohm's law to the equivalent circuit. 



Equivalent Circuit of Figures 
1 and 2 



FIGURE -3 



E=I,x R^ 

E ^ 3.5A X 1.715« 

E ^ 6 volts 



■2(H) 
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EXAMPLE T: Four resistors are In parallel and the total current Is 44.4 mA. \ 

» Gi + G2 + G3 + G^ Ri « Ik, Rz = 2k. R3 = 5k. » 0.5k, 1^ » 44.4mA 

^t ° ii ^2 ^ ^3 * 1^ Calculate R^ and E 

^t * Tk **" Ik Ik Ok remember k » 1000; m = 0.001 ; and m » ^ 

G^ » 0.001 + 0.0005 + 0.0002 + 0.002t3 ^^^^ ^t " -^ ^O.Sm + 0.2m + 2mu 

G « 0.0037U or 3. 7 mu ♦ • 

R, = i = 27011 or 0.27kn . . 

E = 0.044A x,270fl also E • 44.4 mA x 0.27k p 

E = 12 volts y E = 12 volt's since k x m » 1 

You can double check Kirchhoff's Current Law by calculating the currents in 
each resistor using Ohm's law. 

r 

T - IJ^V . T - ■|2V • . 12V r , 12V 

^i "Tr ^2-2r ^3 5r Ok. 

Ii = 12mA I2 » 6mA I3 - 2.4mA I., « 24mA 

= Ii -f I2 + TV + U 

= 12 + 6 + 2.4 + 24mA ' 
= 44.4mA 

If the source voltage were known Instead ofVhe source current, you could 
solve the problem in the same way, and divide E by R^ (or multiply E by G^) to 

find I Instead, you could solve for each of the individual resistor currents 
«• ^ 

directly and add them to find L. 

EE * 
That is I, « ~ , Ip * fii^t* so on. ' 

Ri R2 

If you are finding the'equivalent resistance of two resistances only, an 
alternate formula can be used. ' . > 



h " ft^ I ft^ resistances. 



0 I I 
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In words the fonnula states that the total or equivalent resistance of two 
resistors, in parallel is the product of the two resistances divided by the sum 
of the ^0 resistances. *" 



/ 



Actually you can use this fonnula whett there are more than two resistors if you 
comb1ne«the resistances in stages two at a time. Examples 3 and 4 will show how 



this is done. 
EX/yPLE 2; Find 

R /Ri X R, 
t Ri + R2 

R = 200 X 300 - 
**t 200 + 300 " 

R - 60000 _ 
h 500 " 

R^ = 1200 

EXAMPLE 3: Find R 

D = X R^ 
t, R2 + R3 

P ^ 2000 X 4000 „ 
'^ti 2000 + 4000 " 



R^ = 1333 



R 



R, X R 



t, 



t R, + R 



•I 



0 _ 1000 X 1333 _ 
•^t " 1000 + J333 " 



\ 



300^ 





^1 
1333-^ 



571.4 n 



y I 
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EXAMPLE 4: * I 

Find R^. Two different ways of combining resistors two at a time are shown as 

well as the method using conductances. Compare the methods to see which you 
prefer. It doesn't matter which two resistors you combine first. Method 1 
and method 2 are different only because different resistors are comb Ijfied 
first. Method 3 combine? conductances. 




Jethod 1 
tj 8i**"R2 



n .^00X400 a -1200X1000 n -.600X1000 « ,400X1200 
*^t 2 1^00+1060 ^1 600+1000 ^/400+i200 



R ^RjXRjl 
t2 R3+R«4 



Method 2 

R 



R 1 XRii 



1 1 Rj^T?!! 



^t2 rTH^ 



R. =2400 

R. XR. 
t R. +R. 



R. »545.5n 

^2 > 



R 



.240X545.5 
t ^40+545.5 



\ = 166.7 0 



ti^OO+lOOO 



R.. »375n 
^1 I 

R^ XR. 
Vr. >R. 

ti t2 

n ,375X300 
^ 375+300 



R^«166.7n 



R. »300ft 

t2 



Method 3 
6^-61+62+63+6^ 

6 ■^). 00167+0.0025+ 
^!0. 00083+0. 001 

e^-p.ooew 
R^-^-i^ejft 



Batteries are generally NOT connected In parallel/ If two batteries are placed 
in parallel » plus s1d6 to plus side and minus side to minus side, usually one 
battery will be supplying power, and the other will be absorbing power. A very 
large current will flow If the bStteries do not have the same voltage. The %^ 
is true for other voltage sources. 

A bai;tery that is absorbing power is being ct^arged. 

This can cause damage to the^ batteries unless done under controlled conditions 
which Include the following: 

1. Charging only rechargeable type batteries. • 

2. Observing proper polarity. 

3. Manually or ^tpmatically controlling the current that, flows. 
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Small resistance to limit current 



t3V ' IQV J , 



Battery #2 is being charged 



The battery with the smaller voltage Is 
being charged. If it Is rechargeable, 
Vts voltage will increase, and the vol- 
tage of the battery supplyihg power will 
decrease. Charging will stop (zero 
current) when the two battery vojtages 
are the same. 



If the two batteries are placed in 
parallel, plus side to minus side and 
minus side to plus side, botf) batteries 
will be short circuited by each other. 
This will cause excessive current, and 
it will destroy the batteries. 




Excessive current flows 



REVIEW OF FORMULAS FOR PARALLEL CIRCUITS 



Batteries Shorted and^Oamaged 



= Gi + G2 + 63 + Gi, + and so' on 

' 15" F F + and so- on 

1 '^2 "^s 

R X R 

^t ' k + resistors in parallel 
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Self-Test 



y Two or more resistors. In parallel have the same 

a, voltage. b. current, c. power. d. value,' 



i 



2. To find the equivalent value of resistors in parallel the resistances must 
be ^ 

a. added. b. subtracted. c.. added then Inverted, 
d- inverted then added and the result Inverted. 

3. ^ The equivalent value of parallel reslstors'ls 

a. . smaller than b. 'larger than c. equa'l to d. twice 
the value of the smallest resistance. 

4. A 600 ohm and a 300 ohm resistor are In parallel. The total resistance 

is, ' 

a. 900 ohms, b, 300 ohms. c. 200 ohms. d. 0.005 ohm. 

5. Rour resistors are in parallel, a Ik. 2k. and two 4k's. R,. is . 

t 

a, 571 ohms. b. 5dO ohms. c. Ilk. d. Ik. 

6. Solve for the voltage E * 



^ p— Jfj:l5wA- 



•31?" 



7. Solve for I. and R. 



"tJZ" Tx 
-I. 



«t- 



8. Five resistors are in parallel. Rj « 2k. R2 « 3k. R3 « lOk. R^ = 5k and 
R5 = 100 n. Calculate the equivalent resistance R^. 



't • 



"1 



12 
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"9. ^tterles cah be placed In parallel without danger or damag^-^ 
batteries 

/ , a. no matter how they are connected. * 

b. If the one that Is charging Is properly connected and 1$ a 
able type. 

c. under no clrcumstiinces. 

10. The total resistance of three parallel resistors Is TOO ohms. One of 
. the resistors is 200 ohms and another is 400 ohms. F4nd the third value. 

Use the conductance method. 

R 

R3 ' ____ 4.1 W 




11. Which battery is being charged 
(absorbing energy)? 



A 

1 



'l3.2Vjr- 



J=-||.7V 



12. Determine the value of the 
unknown resistance R... 



Rc 



15 Q 

10 n 



R^ = 5 n 




I 
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Task 



Given J power supply and the following resistors connected in parallel. 2.7k. 

ill Lull ^ **** J"^^^^^/^ supply voltage with the voltmeter. Calculate 
the equivalent value of resistance. ^^uiv.uiatc 

Calculate the value 'of current that will flow when the supply Is connected. 
Use the measure^ value of supply voltage. / 

ftalculate m current that will flow in each resistor. 

Connect the circuit using the interconnectihg leads, and alternately connect 'the 

♦ 

Obtain a single resistor of value equal to the value calculated for the total 

tnnlJJf"'?- .rS??r* l^^' '^^""^ ^ter anS the supply an 

together In SERIES and measure the current. See the Figure. 

The current measS^red with each single resistor should equal the total current 
^o^total ?u'rJe'nt° ^-""^ "lcuuied™e , 

bI'?hi^^.^^'"lh?Jn??n f"'^^ °^ individual resistor currents, should 

be. the same. The following ar^ reasons why any of them may differ: 



1. 
2. 
3. 



The meter causes errors in ^measurement. * 
The actual and printed values of the parts may' differ 
Yqu may have made an error 1n calcumion or measurement. Have youj 
instructor check your results. nave yyui 





Ammeter Connection to fleasure Ii 



\ . 



Ammeter Connection to measure 



14 
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Final Test 



1. When electrical components are connected In parallel, the voltage across 

each and every component will be 

■ ♦ ■ • . * 

a. zero. b. equal to the current. c. different from each other, 
d. the same as each other. . 

2. To combine parallel resistances you add 

a. conductances, b. resistances. c. voltages, 

3. The equivalent value of resistances in parallel will always be less than 
the 

a. largest resistance. b. smallest resistance, 
c. largest plus smallest resistances. 

4. Four resistors are^onnected in parallel. Ri * 100ft. R2 = 150n, R3 - 50n, 
and Ri, = 200fl. Calculate the total resistance R^. 

5. The equivalent resistance of three resistors in parallel is R^ = 500. One 

of the resistors is l>^and another is, 2k. Find the value of the. third. 
Use the method of conductances. > 

6. Solve for the voltage in the circuit. 



7. Which battery, A or B js being 
charged? What limits the current 
from charging too fast? 




8. Solve for and R^. 



-I 



I 
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Answers * 



1. a. Voltage. 

2. d. inverted then added and the result Inverted. 

3? a. smaller than / 

4. c. 200, ^hms. 

5. ^. 500 ohms. " ■ 

6. 6 volts. . 

7. 4.375 A. 

8. V 89.821!. ' , ' 

* / 

9. b. if the one that Is charging properly connected and Is a rechargeabl 

type. ' 

10. 400n also G3 = - Gi - G2 ' 

. ^ ' 63= .01 - .005 - .0025 u 

G3 = .0025 U 

R» = i 
^ 63 



R3 = 400fl 

11. Battery B (11. 7V) is being charged. \ . 

12. R^ = 30n; G^ = Gi + + G^. G^ " ^ «» 61 * ^2 " TtT " ' 

» G^ - Gi - 62*, G^ » 0.2U» 6j - 0.0667U. G2 • O.lu 



G * 0.2 - 0.0667 - O.iy 

A 

G^ « O.0333U 

A 

, ^1 
R^ * 30 n 

A 



16 
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Final Evaluatioi 

Ca'iculdted Resistance 
Calculated Currents 
Measured Resisytor Currents 
easured Tot^(l Current 
Cerent Measured in^ui valent, Ci rcui t 
Filial Tes/I 



OK 



RE-DO 



v 



When a/l of the checks indicate OK, proceed to the next learning package. 



\ 
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Goal: 



The apprentice will be able to 
calculate current and resistance 
^in a series-parallel combination 
circuit* 



ERLC 



Performance Indicators: 

1. Calculate resistance. 

2. Calculate current. ^ 

3. Heasure current with ammeter 
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Objectives 

Given: 

A voltage* source and resistors, 
arranged in series-parallel 
combinjitions 

A voltmeter and ammeter or 
combination voltmeter-ammeter 



Questions and problems 

Directions 

Obtain the following: 
A DC power supply 



\ EL-BE-22 
* Series-Paraiyi Resistive C1»*cuits 

* \ 
The student will^l^ ^ 

Calculate the equf^jalent value of 
. resista/ice for the {jerles-parallel 
combination. ^ 

\" . 
rawn by the 

circuit with the source\connected. 

\ 

' Measure the current wi-th the ammeter. 

Measure the current with tht circuit 
replaced by the equivalent resistor. 

Complete a FinalMes.t with an accuracy 
' df 85%. . .: 



Resistors 1/4 watt, 2% 
330. 470. Ik, 1.8k. 2.2k. 2.7k. 
3.3k. 4.7k. ohms . . ^ ^ 

A DC-voltmeter and ammeter .(or combina- 
' tion meter) 

Interconnecting wires~or "Uads^ 



Learning Activitiesr 

'_ study the Key Words list. 



Read the Information Sheets. 
Do the Self-Test. 
Do the' Task. 
Take the Final Test. 
•Obtain Final Evaluation. 



Key Words 



EL.BE-22 

Series-Parallel Reslsttve Circuits 



Klrchoff s Vyltage Law ; The l^ that states that voltages add In series or 
that the sum of the voltages amind a closed path is zero. 

Kjrchoff* s Current Law ; The law that states that currents add tn parallel or. 
that the sum of the currents entering and leaving a PHI^^s zero. 

^AB* ^ syrfibol to represent the voltage between points A and B in a circuit. 

Series connection of components ; A method of connecting electrical components 
so that one end but only one end of each component Is connected to each of the 
other components;, series c;pmponents always have the same current. 

Parallel connection of components ^ A method of connecting electrical compo- 
nents so that they are connected ^etween or across the same<two points in a 
circuit; parallel components al^ys have, the same voltage. ;v 
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' ^ Series-Parallel Resistive Circuits 

Infprmation Sheet 

flost circuit's are connecteid so that there are both series and parallel combin- 
ations of resistors. Th« circuits can be simplified by cotnWning either series 
combinations or parallel combinations of resistors. Usually the combination of 
either series or parallel resistors will' change the circuit in such a way that 
additional series or parallel eombinations result. The circuit can then be 
further simplified, and the original complicated circuit can be reduced to a 
simpler Qne by a series of repeated combinations of resistors. 

Using the process of repeated series and parallel combinations just described, 
we can often reduce the circuit to an equYvalent circuit of only a. single 
resistor. The important thing to learn Is how to determine which resUtors, if 
any, are actually in series or which, if ar\y, are in parallel. You must be 
careful not to combine re$istors that are not actually in series or InL 
parallel. 

, ■ ■•. ' ^ • 

I„t should be helpful to you to review the packages on series and on. parallel 
resistive circuits to remind you how compdnents are connected in series or in 
parallel. It may also be helpful to go all the way back t6 the package "Intro- 
duction to Circuits" in vhifh series and paralleV connections of components 
were first defined. ^ 

N 

Before an example is worked, the rules for series and parallel connections are 
restated. • ' 

Series connection— components are in series if tflfey are connected end to end 
such that one and only one end of each , 
component is connected to another compo- ' ' 

nent. Another way to identify series 

components is to look for components with ^ ^ . ^ ^ ^ ^ ^ ^ ^ 
the same circuit current. Components in •'W^,* 'W^ • AA/^ • 
series will always have the same circuit 

current. , ^ SERIES CONNECTION 

- • ■■ 

Parallel connection— components are in parallel if they are connected between 
or across the same two voltage points in 
a circuit. Another way to identify par- 
allel components Is to look for components 
with the same circuit voltage. Components 
in parallel will always have the same 

circuit voltage. PARALLEL CONNECTION 

A special u%e occuri wKerTthere are only two components in the circuit. The 
two components are both in series and in parallel since, they have the same 
current and the same voltage. 

" • V, 
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Here are some examples. to help you recog- 
nize s«r1es and parallel combinations. 
In the figure, which resistors are In 
series and which resistors are In parallel? . 
and are In series. They both have 

the same current, I^, flowing In them. 

There are NO resistors In parallel. No 
two resistors are connected between the 
same two pQints In the circuit. R. Is 
between points A and B, R2 between B and 0, 

Rj between B and C, and R^ between 6 and D. 

The source E Is between points A and D.( All 
four points are separate 'points and cannot 
be combined since each Is ^parated by at 
least one component rather than a wire con- 
nection. So the only thing you can do \ 
is to combine R^ and R^ Into one equlvaleW 

resistor which could be called R^, and^redr^aw 

the circuit. \ 



i 

. E and R are 
both In series 
and In parallel 

I 




20 + lOn 



30J1 



Notice that point C Is eliminated when the 
equivalent circuit Is drawn. Notice also 
that combining R^ and R^ Into a single 

resistor has resulted In the parallel 
combination of two resistors Ro and the. 



new resfs^ance R 



R2 and R^ are both 



> 




between the points B and D and are In 
parallel. No two resistors are .in series 
anymore. 



Equivalent cVrdU'lt 1 



Now you can combine R^ and R^^ into a single equivalent resistance; calT^^ 

R,, and redraw the circuit. ; 

y / 

R . 15 X 30 n 




10« 



41 



Equivalent Circuit 2 
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In the second, equivalent circuit, the 6nly two resistors left are In series.*^ 
Cofttblning those twoSJnto one final total resistance for the entire circuit. 
R^.. you have 



■ 30 + ion '^^nC 



5 




/ 



R^.'- 40« pinal Equivalent Circuit 

Now that has been de term Vied, 1^ c'an be found. 

' . 12V • 

Ij - 0.3A ' • . ' 

♦ • • • 

You can solve for all of the other currents and voltages In the original cir- 
cuit by going back to the other equivalent circuits. Using equivalent circuit 2, 

the voltage ayoss R^-E^g-I ^xR^ and the voltage across R2"^BD''^l^'^y 

, E^g-0.3Ax30n EnQ-0.3AxlOft 
. , ^AB"^ volts ^ Ebp-3 volts' 

liotlce tha t + Egp " E^p " E Kirchhoff's Voltage Law \ 
9V + 3V * 12V . 

Going back' to eqqJLvalent circuit 1, 

EgQ ^BD 

^2 * ir~ b * — Ho ^0""^ 

3V 3V * 

to be 3V so I2 - ^3 " TO 

I2 - 0.2A * I3 « O.IA 

Notice that * ^3 * Kirchhoff's CurVent law 

0.2A + O.IA'- 0.3A . 



4 % 
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Finally, using the original circuit, > 

the voltage across * Eg^ ■ 13 xR^ and across R^, E^p » I3 x R^ 



Eg(^ ■ O.IA X 20n 



« O.IA X lOn 

ho-'' 



Notice that + E^p - ( 
2V + IV - 3V 



-BD 



Kirchhoff's Voltage Law 



Finally, all of the currents and voltage? have been found, and Kirchoff's Laws 
have been used as a double check. ^ 



Example : 



Find R^ and solve for all of the cur- 
rents and voltages in the circuit. ^ 
Which resistors are in series?^ Only 
R2 and R^, so * '^3 



B 



A 



R » 50 + 100 

A 

R " 150fJ 



Which resistors are in parallel? 
Only R5 and Rg, so - 



R.. « 



400 X 200 




■y 400 + 200 



R - 133n 



AAA 



In equivalent circuit 1, R^^ and R^ are in parallel 

R.. X R, 



R. 



X ;4 
150 X 300 

150 + m 



150V 




R. » 100i2 



Equivalent Circuit 1 



ERIC 



A. 



EL-BE-22 

. Series-Parallel Resistive Circuits 



Finally R., R and R are in series so that - R, f R R 



R^. - 67 ^- 100 + 133« 



R^ « 300 fi 
I " I- 



« 0.5A 





Equivalent Circuit 2 



Final Equivalent Circuit 



E^g « 0.5A X 67fi 



^DE r^t^^ V 

Epg - 0.5A X 133n 



EaB " 



^BO ■ 5QV 



h Tm 



I J ' 0.33A 



^2 l?^- 



^2- 



50V 



I2 - 0.i$7A 



^DE 
67V 



lo - 0.1675A 



1.. 



^OE . 
67V 



0.335A 



^BC " ^1 ^ ^ 

Egj, « 0.33A X 50fi 



^CD " h ^ ,'^3 



E^^Ij - 0.33A X lOOfi 



^CD " 33V 
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It was already stated that some circuits do not have any combinations of 
resistors that are either In series or in parallel. These circuits cannot be 
simplified by the method presented 'hen|^ One example of ^uch al circuit Is the 
bridge circuit. Notice that r\p two resistors are either In series or* in 
parallel. Each of the resistors and the source Is between a<^d1fferent' set of 
points In the 'circuit. Also there is a different current In each resistor and 
the source since the current divides at each of the points, A, B, C, and fr. 
Methods used to calc#l>te the voltages and currents are a subject for avwoipe' 
advanced course In electronics. 



Component Between Points 




1ft resistor^^ 
3n resistor 
source 
4fi> reslsitor 
2n resistor 
1.5ft .resistor 



A & B 
A & C 
A & 0 
B & C 
B & & 
C & 0 



BRIDGE CIRCUIT 

Power in a seHes-parallel resistive circuit Is calculated In the same way as 
It Is .ln less complica'ted circuits. . ■ 

' .... 

The total powei^, supplied by sources equals the total power absorbed by resistors 
(or other sources If they are charging). 

The power absorbed for each resl5«^or Is calculated once you have determined 
either the current or voltage for the resistor. - 



Using the resistor currept 

It 

Using the resistor voltage 

Using both current and voltage 
for the resistor 



I^ X R 



P - E X I 



AIJ three formulas give 
the same answer. , ' 



The power supplied by a source Is calculated by theYormula 



P »■ E X I 



wMre E and I are the valCies of voltage and current for the source. If the 
current Is leaving the plus (-♦') terminal of the source Instead of the^minus 
(-) tenminal, the formula gives the power absorbed by the source. 
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For the circuits In questions 3-11, It will probably be helpful to asslgn 
letter labels to each of the separate points as was done-tn the examples. 
What may look like two different points will be the same point If they are 
connected by a piece of Wire.. Also twcr resistors may be connected together ' 
without drawing a connecting dot. but a connection Is nevertheless made so 
that a letter should be assigned to that connection or point. Draw your own* 
dot If It Is helpful. "Letter lajbels are already assigned for the first two 
figures In order to help you understand the procedure^ 



1. Series resistors always have the same 

a. voltage, ' 
""b. current. 

c. power, ' 

d. . resistance value.? ^ 

2. Parallel resistors always ^aive the same 

a, voltage, 

b^ current. ' ^ . 

c. power, 

„d. resistance value^. ' 



3. 

4.. 

5. 

6. 
f 

I'- 

■ • 

a. 



Determine which. If any, resistors are In 
series a/Jd find t^fi ^equivalent value.V 



rjsi 




Circuit for Questions 3-5 



A 



9; 

It 



Determine which rifeistors, if any, arft In 
parallel and find their equivalent value. 

Solve for the total eijuivalent resistance 
for''the circuitv in questions 3 and 4. ' 

Deterroi/ie which resistors, if any, are in 
series and find the equivalent value. 

Determine which resistors, if any, are in E 
paraVlel and find their equivalent valife. . 

Solve for the tot^l equivalent resistance U 
Tor the circuit in questions 6 and 7. 

• ' i ' ■ / . .. 

\ (Circuit foV-questions. 9-11 on following page.) Circuit fcfr Questions 6-8 

... ^ ■ * . 

' .•• • • ^- • * ■ 

Solve for the equivalent value of resistance for the tota> circuit (RJ. 
Solve for the currents and voltages in eac>» 6f th^ resistors. 
. Solve .for the power supplied by the so'urce* . . i ' i 
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Task 



I. Calculate t jie eq uivalent value of resistance for the circuit shown. 



a I cu I ate t ne eg uivaient v 
9V ^ 



-I 



sure the sSlTrce voltage. 



22K. 



AAA 



^7K 



E.TK 



2. ^Jteasure the^sSlTrce voltage. Use this value to calculate 
.drawn from the source with the circuit connected. 



\e current 



3. Check with your instructor that you have calculated the correct values. 
Then get a single"^ resistor equ^il in value to the calculated circuit value. 

4, Connect the circuit and measure the current with the ammeter. Connect 

i also the single resistor alone and measure the current with the ammeter. 

5; All three purrents should be close to the same^alue. If your resistors 
were low-tolerance types, the results could be considerably off. Check 
\ with your instructor to determine how well you did. 



6] 



Calculate the equivalent value of resistance fhr the re-arranged circuit 
as shown. ' * 




A JUMPER WIRE 

Connect a jumper 
wire betweerv 
IK points A, and B 
as shown. 



7. Calculate 'the current when a 9 volt source fs connected to the circuit. 



t 

8. connect the compleite circuit and measure the current, 



J 



9, .Conriect ia single resistor of equivalent value as calculate(^ and measure 
'\ the current in the single resistor with the ammeter^ 

10. Have your instructor check your calculated and measured results. 



^Points A and B ^re indicated as separate points only to indicate where to 
attach an interconnecting wire or jumper. When this jumper is connected, the 
two points become the same point in the circuit, The circuit can be drawn a 
different way by placing the 2.2k resistor to the right of the Ik resistor, 
but an Interconnecting jumper is still needed,, In both cas.e^ the 2.2k and Ik 
resistors are in parall^l'and connected between the same \wo points in the ' 
circuit. ' ' ' 
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Final Test 



EL-BE-22 

Series-Parallel Resistive Circuits 



I. Determine which resistors, If any, are' In series. 

# 2. Determine which resistors, If any, are In parallel. 

♦ ■ ■ . 

3. Solve, for the total equivalent resistance. 

4. Solve fpr the currents and voltages In each of the components. 

5. Solve for the, power supplied by the- source. 



■AAA- 



I — V\A- 



L-VV^ — ^AA- 



lOO 



) N 
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Final Evaluation 



EL-BE-22 
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OK 



{ 

RE-DO 



Calculated Resistance 
Cahnshlated Current 
Measured Current 

Current Measured in^Equivalent Resistor 
Final Test 85% ' ' 



When all of the checks Indicate OK, proceed to the next learning package. 
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' , Ser1es-Parall«l Resistive Circuits 

Answers 

* 

1. b, current. ^ 

2. a. voltage. \ ' . » 

3. • No resistors are In series. - 

4. 375n, 3k » and Ik are all In parallel. All are between points B and C. 
1 . I- . 1 



O.004« 



I' 



1 



MHO--(u) 
(Inverted ohm-*n) 



250n 



u^valer^t value 



5. . 2k and 250n are In ser^les equal 11 jjg 2000 + 250 » 2250ft 

6. 8n and 4s2 are In series equal ling! 8 + 4 - 12p 
5q and 7n are In series equal llngU + 7 - 12fi 

7. 9ft and 3n are In paral;1el equal 1'tifrf |-i-| - 2.25fi 

8. 12ft and 12ft are In parallel equalling 6n 

2ft, 6n, and 2.25n are In series equalling 10.25ft 



9. Circuit Is drawn with letters assigned. 

8 




\ 

\ in parallel 

/ 0 between points 

^ \ B and C 

I 

/ 



In series, point C 
Is eliminated when 
combined 



, EL-BE-22 
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/ 



(OV -' I 



l 25A . 



I0V_~ 



\, In series - lOV 20 + lOfl 



sv 



,20^1 I « .25A in both lOn resistors and 
20n equivalent resistance E - IR 

•'O-^ .r>/ . 5V - .25A X 20n 



-r 



-AAA 



•"83 - ton 



•1"* ■ m 




-AAA7 



E IR 

ZO^ 1.67V « .167A X 10« 
3.33V - .11S7A X 20ii 




tiiA . 3.33V 



EL-BE-22 
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.Source" l°Vx0.25A.2.5W' 



9 



/ 
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Final Evaluation 



,EL-BE-22 

Series-Parallel Resistive Circuit 



OK 



'RE-00 



Calculated Resistance 
Calculated Current? 
Measured* Current, 

Curreat Measured In Equiv41ent(^Resistor 
Final Yest 85% 



When an checks indicate OK, proceed to the next learning package. 
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SWnx:HES.,AND RELAYS 



ft. 




Goal: 



The ^apprentice will bp able to 
describo) types of switches and 



Performance Indicators: 



1» Identify common types of 
, switches. 

2, [)osrrib<> relays. 



BASIC ELECTRONICS 



V 



Switches and Relays 
EL-BE-23 



Test Draft^ ^ 
September 1981 
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Objectives 

Given: 

An assortment of switches and relays 



Questions on switches and relays 



EL-BE-23' 
Swi'tches and Relay. 



The student will : 

Identify the different types of 
switches. 



Connect circuits using switches to 
operate lamps in different modes. 

Draw operational circuit diagrams 
using switches and relays. . 

Complete a. Final Test with an, accu- 
racy of 90^6. 



\ 



Directions 

Obtain the following: 

Assortment of switches 
A relay 

Connecting devices 
Lamp 



Learning Activities 

Study Key Words list. 

Bead the Information Sheets. 

Complete task circuits and drawing. 
; Do Self-Test. . - 

Do. Final Test. • 



Obtain Finejl Evaluation. 



:'/■ ■' 
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• • , . Sw1tch.es and Relayr 

Key WoYds : ...... 

■ ■ - * , ■ •■ • . 

Arc ; A.dischaVge of electricity through a'gas (such as air). 

Closed ; A closed loop, a complete path; a connected circuit, 

NC; Normally closed; closed In the rest position. . 

NO: Normally open; open in the rest position. 

Open ; An open loop not connected; not operational ; disconnected, 

Pole : The part of the switch that hjs t;he moying contact on It. 

Rptary ; A switch that Is turned with a knob which can select any one of many 
contacts. . ' 

Throw : The part of a switch which- has the stationary contact on It. 

* 

Hydraulic action : Devices that are operated by fluid flow. (Example- the 
brake system In the automobile.) 

Bimetal action ; A strip of 2-layer metal that bends as heat is applied. 
The bending of the strip can activate switches, etc. 



Symbol for relay 




'.V 



POLE 



. Symbol for switch 



1 

i-THROW 
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Swi tches and Relays 



Ihformiatjon Sheet 



The switch is one of the^most common electrical devices. We usfe switches 
every c^ay to turn off or on our lights, appliance?, and machines. Some 
switches- are very' simple, OKe example is the light switch that is on^he wall 
of a home. Some switches ar^ very complicated, . The^e Include multi-heat 
switches on the electric rangj and rotary switches that are found in radios, TV 
sets, and stereos.;/ . 

Let's start with the most simple switch, called the SPSTkSwiJ;ch, The SPST 
stands for single^pole, single*throw . Below you see the symbpT for a SPST 
switch. Next to tne symbol you see what the switch looks like (pictorial). 




POLE 




THROW 



SYMBOL 



PICTORIAL 



\ 



Notice that on the symbol thepje are one pole and, one throw. Because,there is 
only-one of each, there are only two places to. connect wires. On the pictorial 
you will notice that there are only two terminals. This will-help you identify 
a single-pole, single-thcow switch.. Now lefs hodk.this switch into a circuit. 
We will use symbols for th6 circuit components. Study the symbols and pictor- 
ials below. Be sure that ybu Can Identify each of them. 




BATTERY 



LAMP 



/ 
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Here are two circuits. They are the same except that the flrstiine Is shown 
with the switch open 4nd the second with the switch closed. . 



t 



OPEN 



-O^C 



-o—o ■ ■ ^ 



CLOSED 



T 



No current flow, 



Current flow. 



The circuit that Is open Is broken; there cannot be any current flow The 
circuit that Is closed has a complete path for curcent. This makes It opera- 
tional. This Is the type of circuit that is^f^unij In the common flashlight. 

As you hqve learned, switches are Identified by the number of poles and throw^. 
Let's , look at a single-pole, double-thpow switch. ' 

. ' • ■» . - ' ' • • 



POLE at 



-THfOWS 



The SPST switch was good for turning/one' lamp off and on with one switch. 
How can we turn one lamp off and on with two switches? The SPOT Is the switch 
for the job. Study fhe next drawings. Notice that no matter which position 
the switches are Jrj, it is possible to turn off or on the lamp from- one position 
or the other. ^ . 




Si 
o- 



IK 



0 



3?- 



Closed 



Open 



When this type' of circuit is used in a home, it is called a three-way switching 
hodk-up. , > 



7207 
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-Jhere are other switches, which makejt possible to tu^-n off or on a lamp fr6(i 
•three or more positions.' The following shows the first tw6 switches we have 
studied and two other switc^es that you may -see. • ^ 




• , —DOTTED LINE KEANS- 
\ POLES WORI^-TOGETHfR 



SPST 



SPOT 





There are some switches that are made so that they return to the same position 
when they are released by the operator. These ^ called momentary-contact 
switches. They are^-nonnal ly spring loaded so that they flip back when released' 
Momentary-contact siWItches can be the normally open type (NO) or the normally 
closed type (NC). Pictured below- are the momentary-^contact-type switches! 

■ 





• • NC. 

h-NC ^ NO SWITCHES CAN LOO^ ALIhE 



A PUSH WILL .A PUSH WILL ' rl 
OPEN THE JQCLOSE THE CIRCUIT 



NO. 



CIRCUIT 



Another type of switch that is very common and sometimes very complicated is 
the rotary switch. The rotary switch may have many sets of poles and multiples 
of throws.^ THe following are a few rotary- swi tch syiftbols and their names The 
second P stands for posftion ; 3P3P stands for three-pole, three-position • 




m 

3P5P ■ 
SINGLE POLE 
5 POSITION 



O I 

qL_ All THREE POLES 

0"^^ WORK "TOGETHER 
O .[ 

o 

3P3P« < 
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Another switch which is less common but very important, is the reed switch. It 
is sealed in a glass tube and. is operated with a magnet. What it looks like is 
shown below. ' • 



GLASS TUBE 



i 




-r4 



LEAVES 



SEALED BOTH ENDS 




5- AS THE MAGNET ISBfmBHTCLOSETHe LEAVES SNAP TOGETHER 



mGNET 



SPST NO 



The outsi(J|e .appearances of switches vary as to their application and rooMnting 
method. B^loware a few of the most common types and their names." The names 
refer? .to. th»v!JJ^chan isms which activate them. 



.4^ 




Toggle 



Slid 




e, 



Rocker 




Puih Button 



Lever 



Switches are given ratings for their current and voltage capabilities^ To 
understand why this is done, remember that whenever an electric circuit is 
broken, an arc occurs. "This hot arc burns away at the contact points. The 
more curreht or the more voltage, the greater the arc. The contact points take 
most of the beating as the switch^ ij? used. These points are made of metals that 
are very hard and will, not burn or a material that is conductive even after it 
is burned. The points in a car are of tungsten, a very hard material . - The 
.points in a water heater are made of silver. Silver is conductive after it has 
been burned. Some switches have snap actiohs which switch very quickly. The^ 
fast switching reduces the arc and saves the contact points. 
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The relay is nothing more than a swttch tliat Is operated .from a distance by an 
opera.tor< a time dock, a radio or even a computer. . K6ve you every wondered - 
What turns the bell gff and on at the beginning and end of. the class time? 
Righ^;, ^a- reJay'i^S the switch that-does the 'job. The time-clock turns on the 
relay and the relay turns on the bell. - You may ask, "Why do we need a relay? 
Cati't the Cime clock "turn on the bell?" If you think' about it forsa while, you 
will realize^ that there are many bells in the. school building. Just think of 
the arcing on thi? Contacts tn the clock. Wouldn't it be better to divide up the 
switching into several switches for different parts of the building? Right 
again. The clock wtl 1 last much longer if we^doh't overload the small timed 
» switch inside the clock. ' - . 

But just how does the relay' work? Most-relays work on electromagnetic action. 
Tt\ere are .a few special types that^juse air, hydraulic action or even bimetallic 
action to do 'the switching. Let's consider the magnetic typ^. 

The magnetic relay, as the name says, uses magnetic energy to operate the switch 
contacts. The magnetism istproduced by the electric current from the coil. This 
closes the switch and closes the circuit. When the current is off, the magnetic 
field GQllapseSt which allows the return spring to lift the arm and open the 
switch. Study the circuit below. Notice that the electromagnet is turned on and 
off bj d remote SPST switch. 




MAGAIEDC FOE FACES 




REMOTECDNTRX 
SWITCH 



RETURN SPRING 
ARM 



ELHTROMAGMETIC QDL 



When the SPST switch is closed, the arm of the electromagnet is pulled down 
against the pole face wUh a snap. When the control switch is open (^s shown), 
the magnetic pull stops, and the arm Is pulled off the pole face by the return 
spring. It is this up-and-down action that is used to close and open contacts 
in the relay. The following circuit shows a practical set-up with a relay used 
to turn on and off a motor on an industrial elevator. 
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MOTOR 




OPERATOa 
SWITCH. 



There is an.advantagp In using the relay to turn the motor off and on; small 
wires to a small switch, can control large amounts of energy. 

The construction of relays differs somewhat, but all of them -use similar 

action. The drawing below shows the constr*Uction of a typical relay. Notice the 

set of contacts'. Which ones are normally open? Which ones are normally closed? 



POLE FACE(AC TYPfS MSO HAVE 0 RING) „ 
. RVDT- 

RETURN 

SPRING 

ELECTROMAGNETIC 
COIL 

Relay with Parts Labelled. 



SWITCHING CONT/\CTS 
3 




You are right! Contacts 3 and 4 are normally open (NO). Contacts 5 and 6 are 
normally closed (NC). Connections 1 and 2 .ho^ to the electromagnetic coll. 
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Another switch that you should know about Is the mercury switch. This switch ' 
Is a position switch. When one side Is up, the switch Is off; .when the other 
side Is up, the switch Is on. Stu(i^ the drawing below. * Is this a SPST or SPOT? 
How i s the contact made? - ' 



MERCURY 




Closed Position 



1 



WIRES 



f I 




MERCURY 



Open Position 



Right! It Js a SPST switch. \\ has only two connections. Right againl The 
contact is made by the conductive mercury touching the wires in cyie end of the 
bulb.. , 

You may have seen one of these switches in action on the trunk Of a car. When 
the lid is open, it turns on the light. When the lid is closed, it tilts the 
switch which turns off the light. 
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Self-Test 



A 



Sw1tof]es and Relays 



Choose the correct answer^ 

1. The A/C relay has a special^ 

, a. washer 

. b. R ring 

c. i^D.rlng 

d. A ring « 



2. 



3. 



4. 



5. 



6. 



7. 



8. 



on the pole- face. 



type. 



The magnetism In the relay ivprovided by 

a. , the coil . . 

b. the contact. 

c. the terminals. 

^d. the return spring. 

This push button Is a 
- a. SPST 

b. NO 

c. , closed 

d. .NC 

This symbol is for a 

a. SPST 

b. DPOT 
• c. SP5P^ 

- d. 5PSP 



type switch. 



Identify the switch In this schematic. 

a. ^ SPST . 

b. SPOT _£ I ^ 

c. DPOT ^-O^O- 

d. DPST T o>V 



In this drawing S.. Is a 

a. toggle 

b. rocker 

c. spot 

d. DPOT 



type switch. 



I_rl 



SPST stands for a type switch. 

a. single-pole, single-toggle 

b. single-pole, single-throw 

c. any rocker , 

d. .snap 

The snap action on some switches 

a. helps the operator know when^the switch Is activated. 

b. Increases the arc. 

c. decreases the arc. 

d. means that the switch is new. 
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The mer*cury in the mercury switch provides 

a. thejlficjtriojl contact. 

b. vtQfight control . 

/ c,. jndlcatlon of Switch posltlpn.' 

d. /improved appearance. * * 

Silver is used on some switch contacts because of 

. a. appearance. 

b. lower contact resistance even If burned, 

^c. smoother action, 

d. high expense. 



r. 
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Task , , V ^ ^ . < 

Constr»ijct and test the following circuits. 

Circuit ].. , - , 

, Construct ^clrcfflt to turn on and off one lamp with one SPST swttch. ' , 
^(Use scheina4:1c as a guide.) . . 



UNE 



Circuit 2 

Construct a cii^cuit to-turn off or-on a lamp from two locations using 
two SPOT switches. (Use schematic as a guide.) 



LINE 



Circuit 3 ^ 

Construct a circuit to turn off or on on^ lama^with a relay controlled 
by a SPST swij^h. (Use schematic as a guide.) 



UNE 



NO, 

<r o- 



1 



SPST 



RELAY 



Circuit. 4 

Complete this drawing (sch6matl6) using a rotary switch *s a selector 
to connect any one of the following to an amplifier. . 



, Tllf?NTAa£ 

TUNER 
TAPE-PUYER 



o 
o 



n-Ki^ 



SPEAKER 



AMPLIFJER 
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Final 'T^t 

1. SP^T stands for 

a. Slngle-pcjlltlon,. single-toggle. 
Single-pale, single-throw. 
^ c. • Special -position, single-throw. 
f Any togg-le switch., 



2; 



3. 



4, 



5. 



In this circuit drawing St "Is a 
. a. a toggle switch. 

b. 4-way switch. .-^ 

c. SPOT switch. ^ 

d. a rocker switch. 



SI 



In» this drawing Si 1's a 

a. SPST. ' 

b. "DPST.^ 

c. 3P0t. 

d. DPDT. 



This symbol Is for a 

a. SPST • 

b. 5PSP < 

c. SP5P 

d. ' DPST . 



This push button Is a 

a. NO 

b* NC 

c. SPST 

d. closed 



5/ 



SI 



type switch. 



type. 



6. The coll in a relay provides 

a. D-rIng mount. 

b. magnetic energy. 

c. heat. 

d. return action. 



7. The D rlpg Is found on 

^ a. SPST switches. 

t). normally open switches. 

c. AC relays. 

d. DC, relays. 

8. Why are some switch contacts made out of silver? 

-a. It makes the switch more expensive. 

b. The silver keeps Its conductivity even though It Is burned. 

c. The action Is smoother. 

d. Less heat Is developed. 
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9. The mercury switch Is a * 

a. w position switch. 

b. OPDT switch.. \' 

C. tbermb switch.* ^ - ^ 

. » d. m switch. 

» . ■ " ■ 

> 10. Some switches have snap action 
, \ ^. ' "so-fhe operator can hear the "snap. 

, . b. to increase arcing. 

» c. to reduce ohm rating. 
„ to reduce arcing and heat. 



/ > 
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All drawing 10056 qOrrect. * " \ 
A score of 90X or better on" the Final Test. 



Circuit construction * ^ 
Circuit drawl n|| 

Final test % ^ 



OR • RE-DO 



When all checks are 0K» proceed^to the next package. 
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Self -Test 



1. 


c 


'2. 


a 


•3. 


b 


4, 


. c 


5. 


d 


6. 


c ^ 


7. 


b 


8. 


c 


9. 


a 


10. 


b 
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BASICS OF ALTERNATING CURRENT 




'Goal: 



ERIC 



The apprentice will be able to 
describe^^tiie basic concepts of 
alternating current. 



Performance Indicators: 

1. Describe flow of electrons. 

2. Pescribe wave forms* 

3r Describe cycles and frequency. 

Describe peak an|jg|(KS voltage. 
5, Describe, audio generator. 
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Objectives 

Given 

'A series of questions on basic AC 

V 

Ten problems dealing with RMS and 
peak voltage^ 

An* audio generator and head phone 



EL-BE-25 
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Th^ ^udent will: 

Answer 9 of the 10 questions correctly, 
^olve 9 of the 10 problems correctly. 

5et up and operate the audio generator 
properly. 




Directions 

Obtain the following: 
An audio generator 

Head phone set (with cbnnec ting , wires) 
Calculator * 



Learning Activities 

study the Key Words list. 

. Read the Information Sheets. 

. Complete the Self-Test. 

. Solve the problems on the problem sheet. 

■ Do the Task. 

Do the Final Test. 

. Obtain Final Evaluation, 
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• ' . |asics of AUernating Current 

Keywords 

AC: , Abbreviation for alternating qurrent. Symbol : '"^J^* 

^ . .Alternation : One half of a cycle; it can be positive or nega.tive. 

Alternating current ; Current that chang^naolarity at a Regular rate. 

Audio generator: A device that produces alternating current which can be changed 
In frequencj^, wave shape, and output level. uThls package will cover freqiwncies 
t^hlch are in the range of the.fitiinan ear. 

Circle: . A set^ positive and negative alternations of an AC voltage. ^ 

lyj —.i- ALTERNATION ' 
r J V^tr 



I(M1£- 



-ALTERNATION 



* Frequency ; The number of^cycles in a given period of tirte. As an example, 
a frequency of 20 hertz means 20 cycles per second. 

Hertz ; The measure for the number of cycles per second. (Hz) 

Peak : The furthest point from t»ife center that; a wave form reaches in either 
thP negative or 4)ositive direction. 



PC KM. 



. Rise time ; The amount of ti/ne that it takis for a voltage to get from 0 up 
to peak. ' 



RISE f 




TIME-^ I- 



nm: Short for root mean square. It is a value that is 70. 7X of the peak value 
or .707 times peak. 

*S1ne_wave: A smooth, ever changing w5ve form. A pure frequency. 
* Exafmple of a sine wave— ^ 

Square, wave ; A wave form that changes abruptly from (J to peak value, holds 

at p^ak and then abruptly goes back to 9* reverses to a peak an0 returns to (I. * 

Example of a square wave-- ^ . . 
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Information Sheet « 

^ AC and the Oscilloscope 

, In the last package you learned how to set up the oscilloscope and use It to 
take DC voyage measurements. Although taking DC measurements with the scope 
is Important, the real, advantage of using an oscilloscope Is to look at voltages 
that change value at a' fast rate of speed. Before we worry about how the scope 
sees these changing voltages, let's take a look at what AC really Is. 



Basics of AC 



We know that DC (direct current) flows In one direction. The electrons leave 
the battery from the, negative pole, pass through the wires and the load, then 
return to the battery's positive pole. The electrons are going In only one 
direction. Study the circuit below. , ' 



FLOW 



DC MOTOR U>AD 




FLOW 




V 



From this circult'you should recognize that: 



1, 
2. 
3. 



This Is a DC circuit. 
The DC motor Is the circuit load. 
The motor Is turning €4<qckw1se. 



The motor can be reversed by changing the polarity of the voltage source 
connected to it, thus reversing the direction of the current through the load. 
If the battery were to be turned one-half turn, the motor would go counter- 
clockwise. See the circwit below. 



-^FLOW 




FLOW 




DC KOTOR LOAD 
SH/iFT ROTATION 
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From the last drawing you shoyld recognize that: 



1. 
2. 
3. 
4. 



The battery Is connected with the polarity reversed. 
The current flow is In the opposite dlrectlonA^ 
The motor Is now turning In a counterclockwise \i1rect1on. 
The DC motor can be reversed by changing polarTty^ 



n^tif^L'tr ^ ^^?E "P * ^^^^"^^ ^^'^t w^'ll switch polarity 

of the battery. Study the circuit drawn below, 



METAL HALf 
•RINGS 




MOTOR "TONS/NCIDCKWBE 
DIRECTION 



As the battery rides around and around on the turntable, the spring brushes 
slide on the metal half-rings which connect the motor to the battery. Let's 
look at the circuit again after It has turned one-half rotation. 




TERCir)CKU//SE 
ROTATION 

Now the polarity has been reversed and the motor shaft direction has also been 
reversed. The action .that takes place Is one of the motor changing direction 
over and, over. The faster the phonograph turntable goes, the faster the motor 
must change directions. This changing of direction of current flow Is called 
alternating current (AC) because it alternates polarity. 
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To r^eally see what Is happening In an al ternatlng current circuit we must be 
able to recognize the changes of voltage and poUrlty In relation to time. 
This sounds like a big order, but If we construct a graph to show these rela- 
tionships, it becomes much simpler. To get an Idea of how this graph should 
look, let's go back to our turntable-AC current producer and connect a graph- 
drawing attachment to It. Study the drawing below. 




From the drawing above, you should be able to recognize that: 
1. 

2. 
3. 
^ 4. 



As the battery rides around on the turntable, a current that is 
changing polarity is fed to the motor. \ 

As the current changes polarity, the motor changes shaft direction. 

As the motor tries to turn,. j[t is limited by the springs. 

The pen draws a line on*the moving paper which shows the direction 
of motor shaft rotation. • 



The next step is to study the graph that the pen made on the moving paper. The 
drawing following shows the graph and what happened in the circuit to cause it. 
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MOTOR ON CCW 



AMOUNfOF / 
MOTOR PU>1_ 
CCW 



AMOUNT OF 
MOTOR PULL 

— : CW- 




MOTOR OFF SWITCHING TIME / IMCHES \ 
PAPER MQTIQNjPER SODONgl 



TIME - 



MOTOR ON CW 



This graph (called a wave form) can give us ntuch Information about the circuit. 
Study the following list: / 

1. We can tell how much voltage wa$ applied to the motor by the amount of 
motor pull. If the^ battery had more voltage, the peak wave would be 
higher because the motor would turn more. (The higher the wave form, the 
more the voltage.) ^ 

2. We can tell the current direction (polarity) by the direction of the wave 
from the off line. Above the off Vine is normally positive and below Is - 
normal ly.Tiegative. / ^ " u . 

3. If we know how fast the paper was moving (Inches per second), we can 
tell how many changes of polarity took place per second. 

4. The pen cannot get from the center (zero point) to the top of Its swing, in 
zero time. This slight delay makes the vertical lines slanted by just a 
small amount. Th6 time that It takes for the pen to go from zero up to 

.peak i^ called rise time . The amount of rise time can be measured on this 
graph ff we know how fast the paper was traveling. 
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The Sine Wave 



1 



Most wave forms don't look like the one made by our battery turntable device. 
The most common wave form ij the sine wave. You may hear it called the pure 
form of any frequencyf The alternating current that we get from the power 
company has this sine shape. The drawing below shows a sine wave similar to 
the ones produced by the power company. The amount of time span shown is only 
1/60 of ^ second. This means that 60 of these take place in one second. 



TT^s MO 

i/ous m: 0 
RMSiao 











i 




— ICVClfl/bOSEC-— 1 



TIME 



From the df^wing of the sine wave you should be able to recognize that: 
1. The sine wave is alternating current because it changes polarity. 



2. 

3. 

4. 

5. 
6. 

7. 



r 



The sine wave shows a smooth change of voltage frmp^ro up to a peak value 
positive, then back down to zero. From zero it goe? 'up to a peak value 
negative then back to zero. This all took place 1^ a 1/60, of a second. 

The list of events that took place in 2 above is called a cycle. Each 
cycle is.made up of one positive alternation and one negative alternation. 

We can rfieasure alternating current by the number of cycles per second. 

The peak voltage is the very' top of the wave form. ^ 

The amount of time that it takes for a voltage to get from zero up to 
peak Is called rise time. 

The RMS voltage is slightly less than the peak value. ,(70. 7X of peak.)' 
An explanation of RMS voltage follows in the next paragraphs. i 
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Frequency In Hertz . 

^As was stated before, we can measure alternaying current by the number of cycles ' 
per second. The measure that Is used Is called frequency (howfrequentJy a cycle 
takes place). Remember that frequenfcy In hertz deals with the number of tycles 
per second, no other time Interval. As an example, the frequericy of the power 
llne^TseO Hz. .The cycles per second Is understood. 60 Hz » 60 cycles per second. 

Peak and RMS Voltages 

When AC voltages are measured, we have a different problem from what we had ^ - 
with DC. The DC voltage was the same as long as the circuit was on. With AC 
both the negative and the positive voltaiges go up and down. Why not measure 
the voltage a't Its highest po'int (the peak voltage)? This might sound like a 
good way to do It, but there Is a problem. The voltage Is only at the peak for 
just an Instant. Because of this, the amount of power from a 100 volt AC circuit 
Is less than from a DC 100 volt circuit. It was found that 100 vtffts peak AC 
produced as much power as a DC voltage of 70.7 volts. All AC^oltmeters don't 
rtwasure peak, but they do measure ,707 times the peak. This measure Is caTTfe? 
RMS voltage. If we know the peak value of an AC voltage, we c«» find the RM^. 

RMS - .707 X peak 

* • * ■ 

Let's say that we checked the line voltage and found that it was 160 volts peak 
value. What would be the RMS voltage? 

RMS - 160 X .707- 

' RMS - 113.1 volts * . 

' ■ - ^ - 

AC voltages are almost always expressed In RMS. The line electrical outlets In 
our homes are called 110 volts. This Is really a RMS voltage. If this Is so. 
what Is the peak line voltage? To figure this one we ne^ another magic number 
like the .707. This time the number 1s 1.41421. ThIS' one you can find with 
your calculator If It has a square root sign (\/ — ) on. it. 1.41421 Is the 
square root of 2. 

*■ ' ' , ■ * 4i . 

The formula for finding the peak voltage If the RMS Is known Is 

feak - RMS X 1.414 . ^ 

Let's finish our problem. We said that the line voltage was 110 volts RMS. This 
means that 

Peak » 110 X 1.414 

Peak -155.5 volts * / * 

If you are unsuVe about how to da this, read it again J>ecause the tes^t wIlV 
have problkscfeallng with RMS and peak. Refer to the sine wave figure as shown 
tn the beglmnng of the discussion. 
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The Audio Generator 

When there is need to test a DC circuit, 1 
or a power supply. The AC circuit is a d1 
it may be necessary to change not only vol 
well. The device to do this Is called an 
it generates audio frequencies. The au^llo 
that can be heard with the human ear. The 
quencles from 20 Hz to 20 kHz. 

Audio generators differ "somewhat depending 
are very slmij^. The following drawing 1 
the controls so you can explain what; each 



t Is a simple matter to use a battery 
fferent matter. In the AC circuits 
tage but frequency and wave shape as 
audio ^generator. As the name implies, 
frequencies Include the frequencies 
audio generator must Include fre- 



on the manufacturer, but the controls 
s of a typical- audio generator. Study 
of them.dofii.._./ . 



PILOT LIGHT 
POWER SWITCH 



COARSE 
SWITCH. 




FINE FRBpUENCY ADJUST 



OUTPUT TERMINALS 



OUTPUT V0UA6E OONTRX 



WAVE SHAPE SEL0:7OR 



0f 



\ 
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Problem Sheet 

•' . ' 

The line voltage was measured. to be 117 volts RMS with a voltmeter. 
What is the peak value? 



1. 
2. 



3. 



While working on a power supply the peak AC voltage was measured with an 
oscilloscope. The voltage was found to be 155.5 volts peak. What was the 
RMS voltage? - / ' 

While working on the water heater in my house, I found that the voltage 
jcross thxjljJIlgi1t.wa^.2a5..«olts RMS.. What was the peak value? 



4-10. 



The table below represents a series of line voltages taken over a period 
of one week at the peak^ load time. Some of the readings are peak values 
and some are RMS values. Complete the table so that both peak and RMS 
values are given. , 



Peak 



RMS 



4 


Sun 




125 


5. 


Mon 


150 




6 


Tues 




109.5 


7 


Wed 


146 




8 


Thurs 


« 


113 


9 


Fri 


142 




10 


Sat 




110.2 
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SelMest 

1 . To reverse most DC motors you must ' 

a. switch tbe shaft end to end. 

b. Invert the motor. * 

c. reverse the polarity of the connections. 

d. give the shaft a twist 1n the opposite direction. 

2. The difference between AC and DC is that AC ' * ' , . 

a. flows in one direction. > " 

b. switches on and off. 

c. . switches polarity. 

d. . has only positive alternations. 

3. The rise time Is 

a. the time It takes for dne cycle of AC. 

b. the time It takes for the voltage to go from 0 to the peak value. 

c. the time It takes for one turn of the motor. 

d. the lag between cycles. 

4. The sine wave Is ' 4 * 

a. a smooth pure wave form. 

b. an abrupt changing wave form. 

c. a triangular shaped wave form. 

d. a sawtooth type wave form. 

5. One cycle Is . . ^ 

a. equal to RMS times peak. 

b. one positive alternation and one negative alternation. 
^ c. a span of 1/10 of a second. * 

d. equal to RMS minus peak. 

X 6. RMS voltage Is 

a. higher than, peak. 

b. .equal to the square root of two. " 

,c. equa^ to .707 times the peak value. f ■ . ' , 

d. equal to 1.414 times the peak value. 

7. The audio generator produces signals' In the freqiiiency rdnae^^^fr 

a. 10 hz to 100 kHz. > m M>jr y . 

b. 20 hz to 20 kHz. 
. c. 400 cps to 5 kHz. 

d. any electric or^an. 

,1. 

8. The audio generator's output can be controlled to 

a. change frequency. - 

b. change resistance. 

, c. change wave shape, voltage, and frequency. 
^ d. change wavfe shape, resistance, and voltage. • 

9. The AC voltmeter measures • . 

a. peak value* \ 

b. 1.414 volts 1#|is than peak. 

c. RMS voltages. ' 

d. ' .707 of the RHS voltage. 

13 . 
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Task 



Set-Up and Operation of the Audio Generator 

For this task you will need the following materials: ' 

One audio generator 
One pair of head phones 
One set of connecting wires 

Set-Up 

Refer to this drawing, for al V steps in this task. ' 

(All audio generators are not alike, but they will have comparable controls.) 




c 



With the audio/getierator in front of you 
IDENTIFY the /olldwing controls: 



TO HEAD PHONES 



Piloyi 

irse frequency adjust 

4. Fine frequency adjust 

5. Wave form switch 

6. Output level control 
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7. Output terminals 

8. Power cord 



Operation of the audio generator ^ 

1. Plug In power cord. ' \ \ 

2. Switch unit on (check pilot). ^ 

_____ 3. Adjust fine frequency control to 1000 Hz. 

.4- ^Switch coarse frequency to cor'.rect band for 1000 Hz (B). 

5. Switch wave "form to sine position. 

^-6. Connect head phones to output terminals. ^ 

\ 7- Place the head phones on your head with the phones slightly off ears 

(to avoid loud blast). 

_____ 8. Adjust output level control so you can hear the sound (called % signal) 



J., 9. Turn the frequency controls to different settings. '(Notice how the 

pitch In the phones goes up as the frequency Is Increased.) What Is 
the highest frequency you can hear? ' 

Answer the questions below . 

1. What \% the lowest sine frequency that you can hear? (not feel) 

Hz 



2. What Is the highest sine frequency that you can hear? 



Hz 



3. How does the square wave sounjj different from the sine wave? 



Instructor check 



A 4 
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Final Test 



V 



1. 



A smooth, ever-changing pure wave form describes 

a. a sawtooth wave, form. 

b. a triangular wave form. 

c. a sine wave form. 

d. a trapezoidal wave form. 



2. 




a. one cycle. 
4 b. an alternation, 

c. the rise time. ' , \ 

d. the fall time, 

3. AC Is different from DC because AC 

a. flows In one direction. ' 

b. switches on and off. 

c. switches polarity. 

d. has longer cycles, 

4. To make a DC motor reverse directions 

a. reverse the pQlarlty of the connections. 

b. Invert the motor. 

c. reverse 'th« motor shaft end to end. 

d. give the shaft .a twist In the reverse direction, 

5. The major advantage of the oscilloscope Is Its ability 

a. to measure DC power leveTs. 

b. to see changes that happen at a fast rate of speed. 

c. to measure DC voltages. 

d. to measure DC current level . 

i» The output of the audio generator can be changed 

a. as to Its voltage. 

b. as to Its voltage and wave sfiape. 

c. as to Its voltage, resistance, and wave shape. 

d. as to Its voltage, frequency, 4nd wave shapes. - 

7. The nonmal AC voltmeter measures 

a. RMS voltage. 

b. peak voltage. 

c. .707 of the RMS value. 

d. 1.414 times the peak value, 

8, The frequency range of the audio generator Includes 
a. 20 Hz to 20 kHz. 

'b. 10 Hz to 400 Hz. 

c. IHz to 10000 kHz. 

- d. 1kHz to 2kHz. 



16 
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WIS voltage Is 

a. equal to .707 tinjes the peak value. '■■ ' 

b. equal to 1.414 times the peak value. 

c. equal to the square root of two. 

d. the^same ^s the peak value. 

One cycle of alternating current Is 

a. one span of 1/10 of a second. 

b. equal to RMS times peak. 

c. , one positive alternation and one negative alternation. 

d. equal to RMS minus pe^ak. 




r 
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OK RE-DO 



Completed Task * . 

Compl^'jedjuc^lein sheet with 901^ or better' ^ % 

Completed Final Test with 90% or better % 

When all checl^ Indicate OK, proceed to the next l^irning package, 
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Answers to Self-Test:' 

1- c 

Z. c 

n 

5. b 

6. c 

7. b 

8. c 

9. c 
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Answers to Problem Sheet: 

1. 165,5 V peak 

2'. ]09.9 V RMS , w , ' • 

3. 318 V peak ^ 

4. 177 ' 

5. ; 106 

6. 155 . , ' / 

7. 103 ' ' ' 

8. 160 • 

9. 100 
10. 156 



■ t 
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MAGNETISK 




Goal: 



The apprentice will be able to 
describe permanent and 
o! ect romagnetism. 



ERIC 



Performance Indicators: 



1. Describe permanent magnets. 

2. Descjjibe magnetic fields. 

3. Describe 'laws of repulsion 
and attraction . 

A. Describe niagnetic flux: 

5^ Describe electrornagnetism. 
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Objec^ti 



Given: 



tives 



/Tllst of questtons about basic 
permanent magnetism and . ^ 
electromagnet Ism. 

A set of magnetic equipment. 



EL-BE-45 
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The student w1 1 1 : 

Answer questions on the final test with 
an accuracy of 90 percent. 



Identify magnets and magnetic polarity. 
Wind a solenoid and an electromagnet 
and test each. 



Directions 



V 



Obtain the following: 

Set of magnets * 
Compa^ 
Magnetic cores 
#18 wire 

Paper or cardboard tube 

Power supply ' 

Box of nails \ 



\ 



Learning Activities 



study Key Words list. 

Read Information Sheets. 

po Self -Tests. 

Do Task A, , 

Do Tasks B and C. 

Do Final Test. 

Obtain Final Evaluation. 
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Key Words . 

t ■ ■ ' ■ 

Col 1 ; A spiral winding of w1 re. , ' i . 

Coret The center part of a coll, made of a magnetic material or air. 

Po"^a1n ; yerjj tiny magnetic area In Iron, nickel, or cobalt. 

Electromagnet ; A coll of wire powered by a source of electricity. 

FjeJ_d; The-magnetlc flux around a magnet. 

Flux : The lines of magnetic force around a magnet. 

Gauss: A unit that Is used to measure the amount of magnetic force. » 

Keeper : A piece of Iron^ across the poles of a magnet placed there to prevent 
loss of magnetism when the magnet Is In storage. 

Line of force : ^ Referring to the magnetic ,flu»». - : 
Magnetic metals : Iron , nickel , and colbalt. 

Magnetjc polarity; Referring to the north- and soyth-seeklng ends of a magnet. 

Magnetomotive force : The magnetic push. 

* . '■ ' 

Pole ; The end of the magnet, where the magnetic force Is greatest. 

r ■■ 

Residual magnetism ; The magnetism that remains ima, metal after the magnetic 
force has been removed. i^ ' 

Saturation ; The point at which a piece of magnetic materTal cannot be further 
magnetized. ...-i, • . 

Solenoid : . A coil without affeore 4 /ifjSucMhJ coil 



V. 

\ 
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Information Siheet No. 1 



Permanent Magnets 



\r EL-Be-45 
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Magnetism 1s^ Involved In a gre^t number of electric and electronic devices 
such as motors, solenoids, transformers, meters, etc. A knowledge of the basic 
principles of magnetism Is Important for, understanding the operatlonof these 
^evlc'es. 

■ ■ ( • I 

% ■ ' ^ ■ ' ' 

There are only three magnetic raatertals on earth. A magnetic material Is -a . 

material ,that can be attracted by a magnet. These materials are Iron, nickel , 
and colbaH. Materials like steel .are alloys that contain Iron; therefore, 
they are magnetic. 

The simplest, magnet Is a bar magnet. One end of the magnet Is labeled N.and 
the other. end is' labeled S; All you have to do to understand the N and S Is to 
make a compass out of the bar magnet. The end that points north Is stamped N 
and the end whjch points south Is stamped So when we say the north end of 
a magnet, we mean the north-SEEKING end. What tnakes a magnet want to point 
north and south? No one has the answer to that question. The exact nature 
of mafffietlsm is not really known* but we are aware of the actions of magnetic 
materials. If we look into a piece df iron with a magnetic eye, we will see 
a lot of tiny magnets called domains, pointed every which way all over inside 
the material. Rehiember that these domains are only in the thr^ee magnetic 
materials: . iron, nickel, and colbalt. The shape of the domain is not really 
known, but we will picture, It as a tiny bar. ^T|)ese domains can turn and spin 
around in the material. The drawing below is.a< domain grouping inside a non- 
magnetized iron bar. 



NON-MAONETIzeO 
IRON BAR 




3uft-n>cRo&copiC 

6A/APLE 



Noj^lce that the domains are pointing every which way. The total effect is that 
ie\ N end of each, domain Is facing a S end of another domain. This cancels out 
)el external magnetic for.te so the bar of iron is not ^ magnet. 

^. ■ ■ ■ 




EL-BE-45 
Magnetism 



If the bar of unmagnetlzed iron were put into a magnetic field (next to a 
magnet), the domains inside of the iron would align themselves with the 
magnetic field. Study the drawing below. 




0 EZHTV (N) ENDS 
SS/ DOMAINS 



The magnetic domains in the iron are lined up so that the S ends are pointing 
toward the N end of magnet. This causes-the magnet to attract tl?e iron and 
makes a temporary magnet out of the iron bar. (Notice the dotted S and N ' 
indicating that the magnetism is temporary.) When the magnet is removed from 
the iron bar, the domains will spin around to cancel out the magnetism. I'he 
iron turns back to the nonmagnetized state. • t 

U there were some way that the domains could be locked into the magnetized 
condition, the iron bar would remain a magnet. This is impossible' with soft 
pure iron. The addition of carbon, copper, aluminum, colbalt, and nickef to 
the iron prqduces an alloy which will lock the domains so they cannot turn. 
This means that a permanent magnet a special all6y of metals. Th6 magnet 
must have special handling because heat or jarring will4end to unlock the' 
dogjdlns, which will destroy the magnetic effect. • 

The Magnetic Field ■ , ■ ^ 

The magnetic field, sometimes called a flux field, is the invisible force 
around a magnet. This force is very common. Because the earth is a magnet, 
we Itve in magnetic fields all the time. When we walk, we are going through 
these magnetic lines. How can we detect or see magnetic lines? One way is to 
take a bar magnet, place a sheet of paper over it, and sprinkle Iron filings 
on the paper. The following drawing shows what the result would look like. 



33,6 
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» * * * ~ ** 









PAPER 



4^ 



'IRON-FILING PATTERN OVE« A 6AR MAGNET 



From the iron-filing pattern, it is h^ird to see the full picture of the lines 
of force. What can be seen is that: - 

1. The ends or poles have most attraction.' ' 

2. There are two poles. , 

3. ' There seems to be no magnetic action in the center. 

4. The force field seems to be in lines from one end to the other. 

In the following drawing the magnetic flux .1^ shown again, but £his time it is 
shown more clearly than could be done with the iron filings. (Only a smalj 
amount" of lines are show^to make the drawing clear.) 




This drawing shows that there are distinct lines of magnetic flux. Each has 
direction from the N end of the magnet to the S end. These lines are also 
complete (continuous) from tha north to ,the south end. ^ 
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The Magnetic Lfws Of Attraction and Repulsion 

As was stated before, the N end, of the magnet tries to point north. This means 
that there Is an attraction to the north pole of the earth. This makes the 
compass (Which makes use of a magnet) very Important, for navigation. What is 
happening to the flux lines du,ri>ng the attraction? Study the drawings of "the 
magnets below. ' 

. » ■ 




Attraction Repulsion 
North to South V North to North 




Attraction . Repulsion 
South to Norths South to South 



knowledge of the directions and form of these magnetic fields is very Important 
for understanding the operation of devices such as speakers, tape-recording 
heads , etc. " , , 

\ 

- r » 

A. ■ J' 

From the drawings you know thar; 

t 

1. Unlike magnetic poles attract. (North and a South or South and & 
North) 

2. like magnetic poles repel. (North and a North or South and a South) 

3. When the poles attract, the flux lines from one magnet combine with 
the flux lines from the other magnet. 

4. When the poles repel, the magnetic flux lines do not combine. 
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Keepers 



The magnetic flux passes ttirough materials with different amounts of resistance. 
As an example;,, the magnetic flux passes through iron fnuch more easily than 
through air, plastic, etc. For, a magnet to last a long time, the gap between 
the north and south poles should be as small as^ possible. When the magnet is 
not in use,/it is wise to place a bar of soft iron between the poles. This bar 
of iron is called a' KEEPER. The magnets pictured below have keepers on them. 



5 
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Magnets with Keepers 
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Measuring the Magnetic Flux 

How strong a magnet Is depends on many factors. Some of these factors are the 
following: 

1. The mass of the magnet (amount of metal). / 

2. How well it is magnetized. 

3. The alloy of the metal. ' a - 

4. Its shape or form. 

^ ■ . ■ 

The more lines of magnetic flux per area, the more magnetic effect we can get. 
The measure of magnetic flux concerns the number of lines. There are at least 
three systems of measurement of magnetic jf lux: Gauss, Maxwell, and the Weber, 
Gauss is a measure of the number of lines of a magnet. The Weber has to do 
\wi.th the amount of flux change per second to produce one volt Induction." As a 
p^int of comparison, the earth's field Is less than one Gauss while a small toy 
hoi:seshoe magnet could have 200 Gauss! 

The Square Law Mjignetic Relationships • ' 



Study the drawing below that shows tests of magnetic pull. 



\ 







KWGNET N 









ONE SHEET OF f^PER 



TWO SHEETS OF R8|PER 



^ Lbs 
'TOPUUL 
OFF 



MAGNET .N 




I Lk 

TO PULL 
OFF 



Each time that yog double the distance between the magnetic pole of the magnet 
and the magnetic rtiaterial, the magnetic pull decreases by the square of the • 
distance. This means that as you move away Vrom a magnet, the flux level .drops 
at a fast rate. This Is very Impoftant when dealing with tape heads of a tape 
recorder. A very siijdll apount'of dirt can hold the tape far enough from the 
head to make the tape unit completely Inoperative. Keeping the magnetic gap 
clear on a tape head is very important. 
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Self-Test No. .1 



1. The magnetic field is sometimes called' 

a. magnetic force* 

b« flux lines. 

c. Iron filings, 

d. north and- south. 

2. The direction of magnetic fields is 

a. arpMnd the magnet in a crosswise direction. 

b. from the north pole to the south pole. 

c. from the south pole to the north pole. 

d. along the sides of the magnet, 

3. The law of magnetic attraction and repulsion states that 

a. like poles jepel and unlike poles attract. . 

b. like poles attract and unlike poles repel. 

c. the south pole attracts another south pole. 

,d. the square of the north pole- equals the square of the south pole. 

4. If a .block of soft iron is 1' cm from a magnetic pole and then mqved to .5 
cm» the force between them will ^ *. 

a. double. 

b. halve. 

c. quadruple. 

d. triple. . ^ . 

5. The flux lines around a magnet are 

a. in both diVections. 

b. more dense as you move away from the pole.<« 

c. complete from the soilth pole to the north pole. 

d. complete from the north pole to the south pole. 

6. The strength of a magnet in the center section halfway between the poles is 

a. equal to the square of the north pole. 

b. zero. 

c. four times stronger than at the poles. 

d. weaker in larger magnets. 

7. The strength of a magnetic field is measured in 

a. volts per inch. 

b. Gauss or Weber. 

c. flux line diameter. 

d. the square Maxwel 1 . 

8. The "foil owing materials, are magntetic 

a. lead , tin , and zinc* 

b. gold, silver, and copper. . 

c. aluminum, chromium, and platinum. 

d. iroh^, nickel, and colbalt. 

V . 
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Electromagnet ism , , 

There Is a relationship between magnetism and electricity. One of these . >^ 
relationships Is that whenever current Is passed throiigh a conductor, a 
magnetic flux Is set up around the conductor. The form that the magnetic flux 
lines make Is one which surrounds the wire In a sheath. Study the drawing of 
the current-carrying conductor, , • 




FLOy LIKES 



CURRENT DIRECTION' 
the Magnetic Flux around a Wire 



From the drawing you should be able to retognlze that: 

' 1. The current-carrying conductor has a magnetic flux around It. 

2. The magnetic flux Is around the wire In a crosswise direction. ♦ 

3. The magnetic flux Is continuous all along the wire. 

If you know the direction of the current flow through the wire, you can tell 
the direction of the magnetic flux around the wire by the" use of the LEFT-HAND 
RULE. The following drawing shows this' method. 



■(L 




FLOW DIRBCnON 
FLUX DiRBCnoN 



Grasp the wire with the left hand with the thumb pointing in the direction of 
the current flow. The fingers will wrap around the wire In the direction of 
the magnetic flux lines. Also, if the fingers were, to be wrapped around in the 
direction of the magnetic flux, the thumb will point ,in the direction of the 
current flow. ' 
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0 

The amount "bf magnetic fVux around one wire Is qu1€r smal 1 . To make a stronger 
flux field, we can concentpate the wire by winding It Into a coil. To picture 
how the coil can copqentrate the flux, study the drawing of the coll below. 



CURRENT I 




FLUX FDR ONE IW 

The flux 11n§s go from the ' combined flux lines for the coil 

north end to the south end on ' ^ 

the OUTSIDE of the coil. 

From the. drawing it^can be seen that thejlux lines around, each turn of the 
coil can combine with the flux lines from the next turn. All of the flux lines 
will combine to form a magnetic flux for the coil. .Check it out with the left- 
hand; rule. The more turns of wire in^he coil , the stronger the magnetic 
effefct. Notice from the drawing that the magnetic polarity is shown. This top 
can be seen. Remember that the flux lines go from the north end of the magnet 
to the south end ON THE OUTSIDE OF THE MAGNET. Check it out on the drawing. 



The Electromagnet^ , 

Now that we know how the' coil works, we can make an electromagnet. First, we 
need a core. The core should be a magnetic material. Iron is the strongest of 
the three and also the most ioexpensive. Because we want to turn the magnetism 
off, we need a form of iron 1(Wt won't let the domains lock up. Remember, soft 
iron Is the best choice here because the domains are free to spin around and 
cancel the external flux lines. The iron will concentrate the lines close to 
the coil to give us the best magnetic effect. . 
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To construct ^he electromagnet we wind the wire around the core In a neat 
spiral of Insulated wire so the windings will not short from one to the other. 
Study the drawing af the electromagnet. • 



I iy^o 




MAGNETIC auX 
SOFT iRONCORe 
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The Electromagnet 



The magnetic action In and around the electromagnet Is much the same as that of 

the permanent magnet except that the electromagnet can be turned off and on and 
can be many times stronger. 

The Solenoid , ' _ 

Another type of electromagnet which Is very useful is called a solenoid. The 
solenoid is an electromagnet without a core. The part that makes It inter- 
esting is that It seeks or attracts^ a core when It Is turned on. To make a 
solenoid you wind the Insulated wire around a hollow nonmagnetic tube. The 
tube can be made of paper, plastic, or even a metal such as copper or brass. 
-Stu.dy the drawing of the solenoid below. 




GORE 



When the coll Is turned on, 
the core will be sucked to 
the center of the solenoid. 



The Solenoid "Sucking Colt" 



Because of ^the mechanical travel^Wt 
do the following things: * 



the solenoid can produce, It Is used to 



1. Turn switches off and on. 

2. Control draft and air flow in heating and ventilating systems. 

3. Shift gears. 

4. Operate door chimes. 

5. Start or stop machines. 
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Factors of Magnetism ^ 

There ar^ m^y measures and factors of magnetism. Included here are a few of 
the most Important ones. 



Magnetomotive Force (MMF) 

Magnetomotive force Is explained as the force needed to produce a magnetic 
field. This force can be made stronger by increasing the number of tucoi 
of wire on the coil or by increasing the amount of current through the^oil. 
The ampere turn is used with magnetomotive force as a unit of measure. 



Saturation. 

Saturation "refers to the state of a , core which ^annot b» further magnetized. 
More magnetomotive force will not Increase the amount of magnetism of a sat- 
urated core. This condition takes place when all of the domains in the core 
are lined up. It is at this point that more energy cannot Increase the domain 
alignment so the core is said to be saturated. 

Residual Magnetism 

Residual magnetism is the magnetism that remains after the magnetomotive force 
1s\removed. This condition is caused by a few of the domains staying locked in 
one direction. This residual magnetism can cause problems. As an example, a 
relay can stay stuck down after the current is turnfid off. 



Demagnetizing " " , 

Demagnetizing is the process of removing the magnetic effect from a material 
or devic.e. Many times tools will become magnetized and will need to be 
demagnetized. Tape recorder heads often need to be demagnetized. 

The device that is used to demagnetize is nothing more than a large coil with 
no core. The power to operate the coil is AC. To operate the unit the power 
is turned on to the coil. This produces a magnetic field that switches polar- 
ity back and forth. The object to be demagnetized 1$ placed into the coil. 
The object forced to be magnetized first one way and then the other. The 
object is then slowly removed from the coil. The strength of the back*and- 
forth reversing field becomes less and less. This leaves the object with no 
Residual magnetism. 
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1. If a current Is flowing through a wire * 

a. a magnetic field around the wire will be present. ' r' 

b. no magnetic action is present. 

c. one end of the wire is north and the other south. 

d. the heat from the "wire destroys the magnetic effect. ' 

2. Electromagnets are made by windin^*wi res into coils because 

a. it produces less heat. 

b. the core is easy to install. 

c. the leads are easy to connect. 

d. it concentrates the magnetic field, - / 

3. The left-hand rule for conductors 

a. is used for checking wire temperature. 

b. is used so the right hand is free to write voltage readings. 

c. ^ shows the flux direction if the current direction is known. 

d. is more accurate than the right-hand rule. 

4. A solenoid is sometimes called 

a. ah electromagnet. 

b. a sound generator. 

c. a sucking coil . 

d. a long cored coil . , 

5. Saturation is 

a. the point at which more magnetomotive force cannot .produd^no re 
magnetism from a core. 

b. the point at which the coil cannot pick up moisture from the air. 

c. the pe^k voltage point* 

d. caused by the residual magnetism. 

6. A solenoid is used for \ 

a. heating soldering irons. 

b. controlling temperature. 

c. mechanical' movement of pulling. 

d. "Iheasuring resistance. 

7. Demagnetizing Is best done with 

a. a hammer. 

b. '^a strong light. 

c. a large AC coi 1 . 

d. twisting the metal one half turn north. 
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Given: Four unmarked^magnets , a compass. . 
1. Identify the north- and south-seeking ends. 

(Use masking tape to make labels.) / 

When using the compass, keep It at least one Inch away from the magnets' , 
poles. . 



[] Instructor's Check 



Given: Two ba^s of Iron with no markings: 

one unmarked magnet 

one unmagnetlzed iron bar 

2. You must present the magnet to the Instructor In five minutes. 

Rules: 1. No other metal objejCit may be used. 

2. No compass can be u'sfidn 

3. You may not try to make a compass from the bars. 

i ■ 

□ Instructor's Check 
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Task B 

. ' ' • ■■■■■■■■ ■ y 

Given: Iron core, paper 'tube, #18 magnet wlr^,. and a heavy power supply. 
1, Construct the following solenoid: 

Wind 30 turns of #18 magnet wire on the paper' tube. The wire must be 
closely wound in a neat spiral. 

Leave 10 inches of wire at each end of the coll for leads. (Tape each 
end of the coil to hold the wir$.) 

Strip one-half inch of Insulation off the end of each lead. 




With the power applied to the coil, place the core Into the coil. 




Explain what happened. 




tor's Check 
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Given: Iron bar, #18 magnet wi re » small box of nails, and a power supply. 
1. W^ind 40 turns of w^lre 6n the iron bar in two layers of 20 turns each. 
Leave 10 inches of wire foi* leads. 
Strip ends as in Tasi< B. 



Tape the coil to hold the wire. 
^ Iron nai 1 s -v-v;^ 




■OORE 



2. Apply power as called for ini^the chart bel%w. 

3. Count the nails that it is possible to pick up with the coil at each 
voltage Vevel. 



Volts 



Number of Nails 



.5V 



IV 



5V 



lOV 



15V 



Work fast) the coil will become hotl 



4. Did the core become saturated? 



□ Instructor' s Check 
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Final Test 



1. The Gduss and the Weber are both measures of % 

a. current levels In a coll. 

b. magnetic force. * * ' ^ ■ 
' c. the Haxwell . 

d. volts per Inch. • • *. ; 

2. The lines of magnetic force have direction from 

a. the south end to the north end of a magnet. 

b. the poles to the center of the magnet* 

c. the north end of the magnet to the south end. 

d. the center of the magnet to the poles. . 

3. The three magnetic metals are 

a. Iron, copper, and zinc. ^ 

b. iron, aluminum, and nickel. 

c. Iron, colbalt, and tin. 

d. Iron, nickel, and colbalt. . 

4. If two magnets are brought together , 'the following action could result: 



o 



a. the like poles will repel. 

b. heat will be produced. 

c. the two liorth pples will attract. 

d. no action will take place. , 

5. If an Iron Bar. Is brought to within one Inch of a magnet and then moved 
tt) two Inches away, what will happen to the pull? i 

a. It will double. ■ . 

b. » It will be reduced by four times. 

c. It will be reduced by one-half. 

i. It wil 1 be the same. » 

6. The left han^T^rule for conductors Is used to 

a. check w.1re temperature. 

b. show the direction of magnetic flux. 

c. <ftieasure voltage. " , 

d. '.count the flux lines. ; 
j'. A solenoid Is a coll that 

a. provides heat. 

b'. Is used as a holder for soldering irons. " 

c. pulls the core to the center of the coll. 

d. has a permanent Iron core. r 
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8. . Coils oT wire are used for electromagnets because 

a. *they produce less heat. 

* b. they hold the core better. 

\ c. the leads are easy to connect. 

d. they concentrate the magnetic flux, 

9. If the core of an electromagnet becomes saturated 

a. it must be thrown out. 

b. it cannot be Magnetized to a higher level. 
' » c. it must be dried out. 

d. it has reached the domain level. 

10. To demagnetize a tool or part 

a. a large AC powered coll is used. 

b. ' a heater must be used. 

c. a shVp hit with a hammer will do it. 

d. a strom^' light will do it. 
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• \ 

Completed T.ask A 
Completed Task B 
Completed Task C 

Completed Final Test with 90% score 



OK 



RE-DO 



When all checks indicate OK, proceed to the next learning package. 
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^ Answers to Self-Test 11 

1. b 

2. b . 

3. a 

4. c 

5. (j 

•I '6. b • 

8. d 



Answ^^ to Self-Test #2 
h a ' 

t 

/. d 

' 3. c 
4. c. . 
bv a 

6. c • . 

7. c 
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